Iowa State College Journal of Science 6.2 by unknown
. . . . . 
. . . . . . 
. . . .. . .. . ... 
. ... .. . . . " 
• "· "' • • • ~ e . . . 
. . . 
. . 
• •• !I 
•• ,., ~ •, ~~ 0 •• .•. • 
. .. 
- . . . 
: .·IOW A':"stATE COLE •GI£ 
. ~ : . . . . . . . ., . . . . 
J ouRN°ili t .. o.~:·;_-; S, .CiiiNcE 
Published on the first day of October, January, April and July. 
EDITORIAL BOARD 
EDITOR-IN-CHIEF, R. E. Buchanan. 
ASSOCIATE EDITORS: P. E. Brown, Secretary; c . . J. Drake, A. H. Fuller, 
I. E. Melhus, E. A. Benbrook, P. Mabel Nelson, V. E. Nelson. 
ADVISORY EDITORS: R. E. Buchanan, Chairman; c. J. Drake, E. W. Lind-
strom, I. E. Melhus, P. Mabel Nelson, O. R. Sweeney. 
BUSINESS COMMITTEE: P. E. Brown, Chairman; A.H. Fuller, v. E. Nelson, 
Jay W. Woodrow. 
All manuscripts submitted for publication should be addre&Sed to R. E. 
Buchanan, Room 101 Science Building, Iowa State College, Ames, 
Iowa. 
All remittances should be addressed to P. E. Brown, Bus. Mgr., Room 25 
Hall of Agriculture, Iowa State College, Ames, Iowa. 
Single Copies: One Dollar; Annual Subscription Three Dollars; In Canada, 
Three Dollars and a Quarter; Foreign, Three Dollars and a Half. 
Entered as second class matter at the Poet Office, Ames, Iowa . 
... 
' .f. :.1, ·.:. 
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Accepted for publication November 5, 1931 
INTRODUCTION 
The catalytic hydrogenation of.. furfural presents a wide variety of 
interesting possibilities and problems. In reducing this compound, the 
hydrogen may enter either the side chain or the furan nucleus. The alde-
hyde group may be reduced to the alcohol or to methyl furan, or it may 
be entirely removed, yielding furan. By hydrogenation of the furan ring, 
the products mentioned above may be converted into tetrahydrofurfuryl 
alcohol, dihydro- and tetrahydro-methyl furan and dihydro- and tetrahydro-
furan, respectively. Rupture of the ring at the oxygen atom is also pos-
sible. This reaction may yield methyl propyl ketone, n-amyl alcohol, 
pentanediol-1, 2, and pentanediol-1, 5. 
·" 
SEPARATION OF PRODUCTS 
Since so many different products may be formed in this reduction, 
the separation of these compounds presents a problem of its own. Various 
methods were tried and the reliability of each determined. 
Societe Anon. des Destilleries des Deux-Sevres state in their patent1 
that furfural and water form a constant boiling mixture, which possesses a 
minimum boiling point of 97°, and that furfuryl alcohol does not show this 
property. This method was employed for some time in separating the re-
duction products. Methyl furan, if present, was removed by ordinary dis-
tillation. The mixture was steam distilled, as above, until the volume 
reached about 50 cc. The remaining furfural was removed by sodium bi-
sulfite, and the furfuryl alcohol separated by ether extraction. This extract 
was fractionally distilled at a pressure of 50-70 mm. 
The results obtained, when this method of separation was used, failed 
to show a consistent agreement. Consequently, the reliability of the separa-
tion was tested. Mixtures of furfural and furfuryl alcohol in varying pro-
portions were steam distilled as described in the patent. In each case, the 
first few fractions distilling showed the presence of furfuryl alcohol, when 
tested with a-naphthyl isocyanate. 
The separation of furfuryl alcohol by fractional distillation was also 
attempted and tested for accuracy. This method gave a fairly quantitative 
separation, but was not considered reliable. It was found, however, that if 
the volume was reduced to about 50 cc. by vacuum distillation before the 
sodium bisulfite and ether treatment, the results gave very good agreement 
and almost 100 percent recovery was possible. 
IDENTIFIOATION OF FURFURYL ALCOHOL 
The identification of the products of the reduction of furfural amounts 
practically to the identification of furfuryl alcohol, since it is the principal 
1Societe Anon. des Destilleries des Deux-Sevres, Fr. 639, 756, Jan. 31, 1927. 
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reduction product obtained. Furfuryl alcohol was identified by the prepar-
ation of a number of its esters. Since it is unstable in the presence of acids 
and acid compounds, its esters cannot be prepared by ordinary methods. 
The furfuryl ester of diphenylcarbamic acid was prepared by heating 
one gram of furfuryl alcohol, 2 g. of diphenylcarbamyl chloride and 1.3 g. 
of pyridine on a water bath for one hour under a reflux condenser. The 
resulting compound, when crystallized from alcohol, melted at 98°. The 
yield was approximately 75 per cent of the theoretical. This compound 
has been described2• 
The furfuryl ester of a-naphthyl carbamic acid was made by heating 
one gram of furfuryl alcohol and 1.8 grams of naphthyl isocyanate for a 
few minutes. On cooling, the urethane crystallized out. When crystallized 
from petroleum ether, this compound melted at 130°. The yield was about 
90 per cent. This compound has been prepared by Bickel and French8 • 
Mono-furfuryl phthalate was prepared according to the following 
method. Sixty grams of tolue:qe (dried over sodium) and 20 grams (0.2 
mole) of furfuryl alcohol were placed in a 250 cc. flask fitted with a reflux 
condenser. To this mixture was added slowly 4.5 grams (0.2 gram-atom) 
of sodium, which had been cut up into small pieces. After all of the sodium 
had been added, the mixture was refluxed for one hour. The sodium fur-
furylate, which settled, was filtered out by means of suction. The sodium 
furfurylate and 27 grams (0.18 mole) of phthalic anhydride and 375 grams 
of toluene were placed in a liter three-necked flask fitted with a mechanical 
stirrer and reflux condenser. The mixture was stirred for one hour, heated 
to boiling, and refluxed for 45 minutes. It was filtered by suction and air-
dried. It was stirred with 500 cc. of water for several minutes and filtered. 
The filtrate was acidified with hydrochloric acid (1-5) and the mono. 
furfuryl phthalate was filtered by suction. Since this compound had not 
been previously described in the literature, a complete analysis was made. 
Anal. Subs., 0.2591: Calcd. for C13H100 5 : C, 63.41: H 2, 4.07. Found: 
C, 63.43 : H2, 4.18. 
The saponification equivalent of the compound was obtained. 
Anal. Subs., 0.2118: Calcd. for C18H1005 : Sapon. Equiv. 246. Found: 
Sapon. Equiv., 245. 
The compound was saponified. The acid, which was recovered, was 
identified as phthalic acid by: (1) the fluorescein test and (2) preparation 
of the amide, which melted at 220°. Monofurfuryl phthalate, when pure, 
melted at 85° and decomposed at 135°. 
PREPARATION OF CATALYST 
The copper catalyst was prepared from the sulfate. A quantity of 
c.p. copper sulfate large enough to contain ten grams of copper was dis-
solved in about four liters of water. While this was continuously stirred 
with a mechanical stirrer, ninety grams of acid-washed asbestos was slowly 
added. After the asbestos was uniformly distributed throughout the solu-
tion, the solution was made alkaline with approximately three normal 
'Erdmann, Ber., 35, 1855-1862 (1902). 
3Bickel and French, J. Am. Chem. Soc., 48, 747-751 (1926). 
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sodium hydroxide. The mixture was filtered and allowed to become air 
dry. The nickel catalyst was prepared in a similar manner. The proper 
amount of nickel carbonate was dissolved in concentrated nitric acid. This 
solution was diluted to about four liters and the nickel precipitated on 
asbestos as the hydroxide by means of sodium hydroxide. 
METHOD OF PROCEDURE 
In each run, the catalyst tube was stocked with 25 grams of the pre-
pared catalyst, which was equivalent to about 2.5 grams of nickel or copper. 
The catalyst was heated to 200° until water vapor no longer was given off 
and then hydrogen was passed through the tube until no more water vapor 
was formed. The catalyst was then brought to the desired temperature and 
the reduction started. The hydrogen-furfural mixture was secured by 
bubbling hydrogen through a supply of furfural heated to a temperature 
near its boiling point. The temperatures are indicated by the first column 
or the tables labelled "Bath." The mixture was not permitted to cool be-
fore it was brought into contact with the catalyst. The reduction was con-
tinued until 300 cc. of distillate had been collected. 
Runs were made with nickel at 200°, copper at 175°, 200°, 225°, 
250° and 275°. A series of eight runs with nickel as catalyst was made and 
analyzed by the steam distillation method. No reduction products were 
found in any mixture. The temperature, hydrogen, furfural and catalyst 
were all changed, but no effect was noticeable. 
The method of analysis was tested as shown. In all subsequent runs, 
the last method of analysis was used. Runs were made with copper at 200°, 
215°, 225°, 235° and 250°. The results of the runs are shown in tables 
1 and 2. 
Temperature• C. 
Bath Cat. 
151 200 
Temperature• C. 
Bath Cat. 
153 175 
152 200 
151 200 
150 215 
153 225 
152 225 
150 235 
153 250 
150 250 
154 275 
-
EXPERIMENTAL DATA 
TABLE 1. Catalyst--niclcel 
H, Dist. 
cu. ft. cc. 
4.2 300 
TABLE 2. Cata.ly.yt-copJ>er 
H, Dist. Time 
cu. ft. cc. min. 
5.67 300 300 
4.4 300 395 . 
4.5 300 250 
4.8 300 240 
6.36 300 300 
6.31 300 350 
5.2 300 260 
6.7 300 255 
5.3 300 265 
4.86 300 260 
Furfuryl alcoh<>l 
cc. pctg. 
15 5 
Furfuryl alcohol 
cc. pctg. 
trace 
6.0 2.0 
6.5 2.17 
13.0 4.33 
12.0 4.0 
11.0 3.67 
8.0 2.67 
trace 
4.0 1.33 
0 0 
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SUMMARY 
Furfural can be reduced by passing its vapors, mixed with hydrogen, 
over nickel or copper heated to temperatures of 175°-275°. The yield is not 
large enough to warrant utilization of this method for large scale produc-
tion of the reduction products at the present state of development. 
The chief product of the reduction of furfural is furfuryl alcohol. It 
is possible that the reaction proceeds farther, although no other products 
were isolated. 
The amount of furfuryl alcohol produced is dependent upon the tem-
perature. Under the conditions of this work, the temperature at which the 
production of furfuryl alcohol reaches a maximum is 215° or very near it. 
It is possible that there are other factors which affect the amount of reduc-
tion and optimum temperature. 
One run with nickel gave a larger yield of furfuryl alcohol than cop-
per, since the yield with nickel at 200° was larger than was obtained from 
copper at the optimum temperature. Nickel, on the other hand, is much 
more easily poisoned and consequently ·cannot be used except under condi-
tions in which no impurities are introduced. 
THE PHYSIOLOGICAL PROPERTIES OF SOME FURAN 
DERIVATIVES 
HENRY GILMAN, A. P . HEWLE'l'T AND J. B. DICKEY 
From the Chemical Laboratory of Iowa State College 
Accepted for publication November 23, 1931 
INTRODUCTION 
In connection with a series of studies concerned with the utilization of 
furfural and derivatives, we have incidentally noticed that several com-
pounds have repellent physiological properties. These properties make it 
possible to classify the compounds roughly as sternutators (sneeze-provok-
ing compounds), lachrymators (tear-inducing compounds) and vesicants 
(skin-blistering compounds). 
When compounds with such objectionable properties have been encoun-
tered they have been carefully examined pharmacologically in order that 
exact information might be available for ascertaining the precautions which 
should be exercised in handling }hem. Toxicity tests have also been made. 
The results of some of these tests are now reported. The vesicant action of 
,B-chloroethyl furfuryl sulfide 
was reported earlier\ and two interesting observations were made in con-
nection with that study. First, the homologous y-chloropropyl furfuryl 
sulfide is without vesicant action. Second, the ,B-chloroethyl furfuryl sulfide, 
in undiluted form, provoked intense red spots but no blisters on hogs, 
whereas, solutions of relatively low concentrations induced blisters on 
human skin. The experiments on hogs, carried out with the assistance of 
Professor M. D. Helser, were made in connection with the possible utility 
of these and other compounds for the commercial marking of hogs. 
It should be emphasized that there is nothing inherently offensive 
physiologically to furan types. Derivatives of furfural, like the furylacrylic 
esters2, can have unusually pleasant and attractive bouquets which com-
mend them for perfumes and flavoring extracts; and some are highly un-
attractive, like the evil-smelling mercaptans8 • It is a curious fact that some 
of the offensive mercaptans induce a pleasant physiological response in low 
concentrations and have been recommended as synthetic coffee :flavoring 
extracts because of the pronounced coffee-like odor which they have when 
highly diluted and properly blended. 
'Gilman and Hewlett, J. Am. Chem. Soc., 52, 2141 (1930). 
2Gilman and Wright, Iowa State College Jour. Sci., 3, 109 (1929). 
'Gilman and Hewlett, ibid., 5, 19 (1930). 
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Furthermore, many furan types have promising pharmacological pro-
perties which indicate their application as local anaesthetics4, blood sugar 
lowering agents5, analgesics, hypnotics, etc.6 Some furan compounds, like 
sodium furylacrylate, are used as preservatives for chop suey sauce condi-
ments; other furan compounds are unusually sweet, one (syn.-5-benzyl-2-
furfuraldoxime) being sweeter than saccharin7 • The physiological action 
of these sweet-tasting compounds has not been determined. 
Finally, it should be emphasized that a great number of furan com-
pounds which are apparently innocuous to man are relatively toxic to in-
sects, and the results of these studies on flies will be published shortly in 
this Journal. 
EXPERIMENTAL PART 
Tetrahydrofurfuryl Chloroacetate, C4H10CH20COCH2Cl.-In a first 
preparation, 40.8 g. (0.4 mole) of tetrahydrofurfuryl alcohol and 37.8 g. 
(0.4 mole) of chloroacetic acid were added to 100 cc. of benzene saturated 
with dry hydrogen chloride. The solution was treated with hydrogen chlor-
ide from time to time over a period of fifty hours. After the benzene had 
been removed by distillation, the residue was taken up in ether and washed 
with 5 per cent sodium bicarbonate solution, and dried over sodium sulfate. 
The yield of tetrahydrofurfuryl chloroacetate, distilling at 101-104° /4 mm., 
was 35 g. or 49.3 per cent. The ester is a stable water white liquid of pun-
gent taste and practically no odor. It is soluble in ether, alcohol and ben-
zene, but insoluble in water. 
Anal. Calcd. for C7H 110 3Cl: Cl, 19.86. Found: Cl, 20.01 and 20.00. 
In a second preparation, 33.9 g. (0.3 mole) of chloracetyl chloride was 
added dropwise to a boiling solution of 30.3 g. (0.3 mole) of tetrahydrofur-
furyl alcohol in 250 cc. of benzene, contained in a three-necked flask 
equipped with mechanical stirrer, reflux condenser and dropping funnel. 
After refluxing until evolution of hydrogen chloride ceased, the benzene 
was removed under diminished pressure, and the ester distilled. The yield 
of ester, distilling at 110° /5 mm., was 52.5 g. or 99 per cent. 
Tetrahydrofurfuryl Iodoacetate C4H 70CH20COCH2I.-Thirty g. (0.2 
mole) of sodium iodide was added to a solution of 35.7 g. (0.2 mole) of 
tetrahydrofurfuryl choloroacetate in 200 cc. of alcohol. The mixture was 
warmed, with vigorous stirring, for two hours and the alcohol removed 
under diminished pressure. The addition of 50 cc. of anhydrous ether 
caused the separation of sodium salts which were removed by filtration. The 
filtrate was distilled to yield 35 g. or a 65 per cent yield of tetrahydrofur-
furyl iodoacetate boiling at 130° /5 mm. It is a colorless liquid which dark-
ens on standing. 
Anal. Calcd. for C7H 110 3I: I, 47.21. Found: I, 46.99 and 47.14. 
•Gilman and Pickens, J. Am. Chem. Soc., 47, 245 (1925). 
'Unpublished studies by Mr. H. J. Harwood and Mr. F. Prochaska. 
"Details on these studies will be published later. 
'Gilman and Dickey, J. Am. Chem. Soc., 52, 2010 (1930). See, also, Gilman and 
Hewlett, Iowa State College Jour. Sci., 4, 27 (1929). 
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Furoyl Chloride, C4H 30COC1.-The following directions which are 
adapted from those by Gilman and Hewlett8 not only give a high yield of 
furoyl chloride, but also permit operation with a minimum of discomfort 
to the experimenter. Whenever a choice is to be had in the use of either 
furoic acid or furoyl chloride for a given reaction, it should be remembered 
that the 75 per cent yield of furoyl chloride is higher than the yield of pure 
furoic acid obtainable by crystallization of the technical furoic acid at 
present available. 
In a two-liter distilling flask is placed a mixture of 224 g. (2 moles) 
of crude furoic acid, 357 g. (3 moles) of technical thionyl chloride and one 
liter of benzene. After corking the side-arm, the flask (equipped with a 
reflux condenser) is placed at an angle of 45°, in a sand bath. The prepara-
tion is preferably carried out in a hood. The mixture is refluxed moderately 
for 14-48 hours, at a sand bath temperature of about 140°. The flask is 
then attached to a water condenser and the benzene removed by distilla-
tion, after which a two-holed stopper with thermometer and capillary-
bubbling tube is inserted in the neck of the flask. When the temperature 
of the distilling vapor reaches 95° the pressure is reduced to 35 mm.; the 
residue is distilled with an oil bath or free flame, finally increasing the 
heating temperature (if an oil bath is used) to 200-250°. A first fraction 
of benzene should be collected. 'l;he yield is 195 g. or 75 per cent distilling 
at 84° /35 mm. If the furoyl chloride is not to be used immediately it 
should be redistilled. 
5-Chlorofuroyl Chloride, ClC4H 20COCl.-A 65.25 g. (0.5 mole) por-
tion of furoyl chloride was placed in a flask and one gram of iron powder 
added. The mixture was heated at 100° and a stream of dry chlorine passed 
through. The mixture gradually became yellow in color and :finally began 
to darken, becoming deep red in color. At this point, without determina-
tion of increase in weight, the reaction was stopped and the mixture frac-
tionated at 10 mm. pressure. The fraction boiling at 92-110° /10 mm. was 
collected and refractionated to yield 55 g. or 66 per cent of material boiling 
at 92-95° /lOmm. No constant boiling fraction could be separated from the 
higher boiling material, which formed no amide. A small amount of the 
fraction boiling at 92-95° was dissolved in ether, and ammonia gas passed 
through. The amide thus secured, when crystallized from alcohol, melted at 
154°, which corresponds to the melting point given by Hill and Jackson9 
for 5-chlorofuramide (ClC4H 20CONH2 ). A small amount of the 5-chloro-
furoyl chloride was dissolved by refluxing with a slight excess of 10 per 
cent sodium hydroxide. The resulting solution was just neutralized with 
hydrochloric acid and concentrated by evaporation. The resulting solution 
was then cooled and made acid with hydrochloric acid to yield an acid 
melting at 177°. A mixture of this acid and that prepared by the method 
of Hill and Jackson9 melted at 177°. 
•Gilman and Hewlett, Iowa State College Jour. Sci., 4, 29 (1930). 
•Hm and Jackson, Am. Chem. J., 12, 22 (1890). 
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PHYSIOLOGICAL PROPERTIES 
Tetrahydrofurfuryl Chloroacetate. 
Pure compound on skin of man : no reaction. 
As a lachrymator: 0.0065 mg.fl., irritation, but no lachrymation. 
Lethal point for mice, 10 min. exposure: >2.5 mg.fl. 
Tetrahydrofurfuryl Iodoacetate. 
Pure compound on skin of man : redness. 
As a lachrymator: 0.0035 mg./1., slight irritation. 
Lethal point for mice, 10 min. exposure: >2.5 mg./ l. 
Fiiroyl Chloride. 
Pure compound on skin of man: no reaction. 
As a lachrymator: 0.0035 mg./1., slight irritation. 
Lethal point for mice, 10 min. exposure: >2.5 mg./ 1. 
5-Chlorofuroyl Chloride. 
Pure compound on skin of man : no reaction. 
As a lachrymator: 0.0065 mg./1., slight lachrymation. 
Lethal point for mice, 10 min. exposure: >2.5 mg./ 1. 
5-Nitrofurfiiral Chloride 10, N02C4H 200H2Cl. 
The lethal concentration for mice on ten minutes exposure was found 
to be greater than 7 mg./l. Comparative vesicant tests indicated that 
mustard gas, (01CH20H2)2S, was approximately 150 times as power-
ful as the 5-nitrofurfuryl chloride. 
In connection with the standard value of mustard gas as a vesicant, it 
is also desirable to add that chloroacetophenone ( 0 6H 5COOH201) in a con-
centration of 0.0004 mg./1. lachrymates in 194 seconds. Accordingly, it is 
evident that the compounds tested are very much less powerful than the 
standard lachrymators. 
These quantitative relative values are interesting because of the light 
they throw on subjective approximations. For example, a number of stu-
dents who have worked with both chloroacetophenone and furoyl chloride 
were very strongly of the opinion that the furoyl chloride was more power-
ful as a lachrymator. Even now, despite the accuracy of the results just 
reported, some of them persist in their contention. It is not at all unlikely 
that their opinions might be influenced by secondary or auxiliary physio-
logical reactions, as well as by the high persistency of furoyl chloride. 
The present report would be incomplete without some mention of 
purely qualitative observations which it is hoped may be of value to other 
workers with furan compounds. Furoic acid, particularly as a powder, is 
irritating to mucous membrane and has distinct sternutating properties. 
Furfuryl chloride, 04H300H20l, has lachrymatory properties and appears 
to be generally irritant to the eyes, throat and nose. 2, 5-Dinitrofuran, 
N02C4H20N02, has a vesicant action11• Other nitro compounds, so far in-
vestigated, appear to be without vesicant action. However, constant contact 
10The 5-nitrofurfuryl chloride was prepared by the direct nitration of furfuryl 
ehloride and from 5-nitrofurfuryl alcohol. Its chemical reactions and details of prepara-
tion will be reported later. 
11The properties of this compound, as well as its improved preparation by the nitra-
tion of furoyl chloride and furoic acid will be described later. 
PHYSIOLOGICAL PROPERTIES OF SOME FURIAN DERIVATIVES 141 
with them appears to form a complex with the skin protein, which is horny 
and brittle. The skin then cracks, leaving a condition remindful of chap-
ping. 
Chloromethyl furfural, ClCH2C4H20CHO, is a skin irritant which 
with some produces redness and sores, particularly at the more tender 
places between the fingers. It is possible that a part of this action is due 
to the spattering of concentrated hydrochloric acid, large volumes of which 
are bandlea in such syntheses. 
An unusual case is a compound which might be a dibromofurfural, and 
which analyzes for C5H 20 2Br2 • This compound has no immediate effect 
when placed on the hands. If an alcohol solution of the dibromo compound 
is allowed to dry on the hands, even though the hands are then thoroughly 
washed with soap and water, large blisters form after twenty-four hours. 
These are decidedly uncomfortable, although they heal rapidly after being 
broken. An aqueous solution of sodium carbonate will remove the com-
pound from the hands where soap and water fail. 
It should be remembered in all these physiological properties that the 
susceptibilities of individuals vary markedly, as is the case with many 
non-furanic types. 
A general treatment for such skin irritants might be added, finally. 
It is well to remember, however, J;hat antidotes for poisons are a good deal 
out of style. There are really extremely few safe and effective antidotes 
mentioned in works on pharmacology. The chief emphasis should be placed 
upon prevention; everything should be regarded as potentially danger-
ous, and great care must be exercised not to get compounds on the skin or 
clothes, or to inhale the vapors. One reason why the use of antidotes is so 
often hopeless is that many of the poisons (phenol, for example) soon form 
difficultly reversible compounds with the tissues. A general treatment, 
particularly for acidic materials, is as follows: 
''First neutralize the causative material, or remove it with solvent. 
Wash the part thoroughly with water, and an alkalinized water is best, 
·such as bicarbonate solution. This should be done very thoroughly, and the 
part should be immersed in the alkaline solution for a period of from 10 
to 15 minutes. This treatment is often preventive and keeps blisters and 
the resultant ulcers from forming. Should blisters form, they should be 
evacuated by the use of a sterile needle, pricking the blisters in two places, 
but being careful to keep the epidermis intact. Of course, care should be 
taken that these are not infected, and a sterile dressing may be advisable 
for protection. Should the blisters be large and break down, a raw, ulcer-
ated surface occurs. This is liable to infection. Dakin 's solution used twice 
daily as a wash is advisable, and is perhaps better than many of the other 
antiseptics. Healing of the ulcers may be stimulated by the employment 
of scarlet red powder; of course an antiseptic dressing should be used.'' 
The authors gratefully acknowledge assistance from G. F. Wright, 
R. R. Burtner, N. 0. Calloway, W. H. Zugschwerdt and E. V. Brown. 
SUMMARY 
A description is given of the lachrymatory, vesicant and sternutatory 
properties of some furan compounds encountered incidental to studies on 
furfural and derivatives. 

CERTAIN CHEMICAL AND MORPHOLOGIC PHASES OF THE 
BLOOD OF NORMAL AND CHOLERA-INFECTED SWINE1 
I. THE CONCENTRATION OF CERTAIN CHEMICAL CONSTITUENTS 
E. A. HEWITT' 
From the Department of Veterinary Physiology and Pharmacology, Iowa State College 
Accepted for publication December 15, 1931 
The rlPsing of swine is a major industry in the United States. Many 
of the problems confronting this industry lend themselves to physiologic 
study. 
The metabolism of the pig occupies an unique position in mammalian 
physiology inasmuch as this animal excells in the economy with which it 
converts food into body tissue. It is evident that the growth impetus is 
greater in the pig than any other domestic mammal. Henry and Morrison 
(84) state that for every four or five pounds of dry matter ingested as 
food, the pig will increase one pound in body weight. Pigs at birth weigh 
on an average of two and one-half pounds. When fattened for the market 
they should have at least one pound of weight for every day of age. For 
pigs weighing under 50 pounds the average gain per day is 0.8 pound, 
and this gradually increases until at 250 to 300 pounds weight they may 
show a daily gain of 1.5 pounds. 
. The pig is excelled by no other domestic mammal in fat storing ability 
and yields from 70 to 80 per cent of its live weight as a dressed carcass . 
. For these reasons the pig presents an animal of unusual physiologic 
interest. A review of the literature discloses but few studies on the physi-
ology of swine. 
One of the outstanding hazards to profitable swine husbandry is the 
disease of hog cholera. This disease is of great economic importance. It is 
widely spread and is extremely contagious. It is usually fatal to susceptible 
swine. Hog cholera has been the subject of extensive investigations by vari-
ous workers, and many valuable contributions have added to our knowledge 
of this disease. Studies of the blood of normal swine or of cholera-infected 
swine have been but little pursued. Even in the case of man, few extensive 
analyses have been performed on the same sample of blood. It is felt that 
as many analyses as possible performed on the same blood sample would be 
desirable, as it would give better data for determining correlations between 
different constituents. 
This lack of knowledge as to the composition of the blood of swine has 
been keenly felt by veterinary physiologists. These studies were under-
taken with the idea that such data as were obtained would be a significant 
'These data are taken from a thesis presented t-0 the Graduate Faculty, University 
of Minnesota, in partial fulfillment of the requirement.a for the degree of Doctor of 
Philooophy. 
'The writer is indebted to Dr. H. D. Bergman for providing facilities and offering 
helpful suggestions for this research. 
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contribution to our present knowledge of the physiology of the blood of 
normal swine and thus help to interpret some of the pathologic phenomena 
occurring in the disease of hog cholera. 
The results reported in this paper are divided into two parts. Part I 
deals with the concentration of certain chemical constituents in the blood 
of normal and cholera-infected swine. Part II considers certain morpho-
logic phases of the blood of normal and cholera-infected swine. 
Accurate data on the chemical composition of the blood, especially the 
non-protein fraction, are of comparatively recent origin. This phase of 
study has been developed within the past two decades. Among the men 
outstanding for this development are Otto Folin, S. R. Benedict and D. D. 
Van Slyke. 
The development of the technique for blood analysis has been a great 
aid to the physiologist and the clinician. A great deal of information is 
available dealing with the abnormal composition of human blood in disease. 
Obviously, a knowledge of the composition of normal blood has been a nec-
essary prerequisite to the interpretations of these abnormalities. 
Studies of the chemistry of the blood give information concerning de-
ranged physiology. In human medicine there is no laboratory procedure 
that will give more dependable information and aid in diagnosis, prognosis 
and treatment of disease than the chemical analysis of the blood. Whether 
this will prove equally true in veterinary medicine, only exhaustive re-
searches will determine. 
Additional data are necessary, not only for the purpose of establishing 
the normal physiologic composition of the blood of domestic animals, but 
also for the purpose of using the examination of the blood of diseased 
animals as an aid to diagnosis, prognosis and treatment. We recognize many 
conditions in animals which are analagous with conditions in the human to 
which valuable applications of blood analyses have been made. 
REVIEW OF LITERATURE 
An extensive literature dealing with the blood of farm animals is not 
avail.able. A review of the literature shows that little work has been done 
on the chemical composition of either the normal swine blood or on the 
blood of cholera-infected swine. 
Considerable literature has been reviewed relative to the composition 
of human blood and that of various domestic animals. 
In 1912 Folin and Denis ( 55), described colorimetric methods for the 
determination of total non-protein nitrogen and urea of the blood. They 
used acetone-free methyl alcohol as the protein precipitant. In the same 
year Folin and Mac Collum ( 59) called attention to the possibilities of the 
use of phosphotungstic acid in the colorimetric estimation of uric acid. A 
few months later in 1912 Folin and Denis (54) gave the first description 
of a colorimetric method for the estimation of uric acid in blood. The co-
agulation of the blood proteins was effected by the used of weak (O.OlN) 
acetic acid. The following year analagous methods were described by Folin 
(51) for the determination of creatinine and creatine. 
Imperfect as the earlier forms of these micro-methods of blood analysis 
were, their application revealed at once fundamentally important facts, 
which earlier investigators using improvised methods had sought but could 
not find. 
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HUMAN BLOOD 
The system of blood analysis, as described by Folin and Wu (61, 62), 
has placed in the hands of investigators a means of studying the changes 
taking place in the concentrations of the various blood constituents in 
health and disease. The literature of the chemistry of the blood is scattered 
through a number of periodicals, and contains many reports of the normal 
limits within which these substances fluctuate in the human. 
Hammett (77) studied the non-protein nitrogen and non-protein nitro-
genous constituents in human blood. The average of sixty determinations 
on normal individuals was as follows: Total non-protein nitrogen 35.6 milli-
grams per 100 c. c.; urea nitrogen 17.1 milligrams per 100 c. c. or 47.8 per 
cent of the total non-protein nitrogen; creatinine nitrogen 0.47 milligrams 
per 100 c.c. or 1.3 per cent of the total non-protein nitrogen; uric acid nitro-
gen 0.78 milligrams per 100 c.c. or 2.2 per cent of the total non-protein 
nitrogen. In addition, Hammett studied the composition of the blood in 
relation to the time of withdrawal. He found no practical difference in the 
concentration of the various constituents determined in blood which had 
been taken three and one-half and fourteen hours after eating. From a 
metabolic point of view the blood taken before breakfast showed evidence 
of a slightly lower metabolism at his period. The non-protein nitrogen, the 
urea nitrogen, and the uric acid nitrogen were consistently lower, but to a 
very small extent. He found that the sugar might be somewhat higher 
after a longer fast. 
Hammett further studied the range of variations, average amounts, 
average deviations and relative variability of the blood constituents, with 
the following results: Creatinine nitrogen ranged between 0.37 and 0.60 
milligrams, with an average of 0.47 milligrams per 100 c.c. of blood. The 
average deviation was 7.3 per cent and the relative variability 100 per cent. 
The non-protein nitrogen ranged between 27.3 and 45.5 milligrams, with an 
average of 35.6 milligrams per 100 c.c. of blood. The average deviation was 
9.1 per cent ~nd the relative variability was 125 per cent. The sugar ranged 
from 85.0 to 166.0 milligrams, with an average of 112.0 milligrams per 100 
c.c. of blood. The average deviation was 13.7 per cent and the relative vari-
ability 188 per cent. Uric acid nitrogen ranged between 0.50 and 1.16 milli-
grams, with an average of 0.78 milligram per 100 c.c. of blood. The aver-
age deviation was 14.9 per cent and the relative variability 204 per cent. 
Urea nitrogen ranged between 9.7 and 25.1 milligrams, with an average of 
J 6.6 milligrams per 100 c. c. of blood. The average deviation was 16.6 per 
cent, with a relative variability of 227 per cent. 
This writer stated that the significance of the position of the various 
constituents in this table was not wholly obvious. They could be, however, 
roughly divided into three groups, one of relatively low variability con-
taining the creatinine and the total non-protein nitrogen, one of inter-
mediate variability, into which would fall the sugar, and one of relatively 
high variability wh~ch would contain the uric acid and urea nitrogen. 
Folin and Berglund ( 53) determined the normal minimum, maximum 
and average blood content of non-protein nitrogenous products from 12 
young men after a night's fast. The values for urea nitrogen were between 
a minimum of 8.9 milligrams and a maximum of 15.2 milligrams, with an 
average of 11.5 milligrams per 100 c.c. of blood. 'fhe values for total non-
protein nitrogen were between a minimum of 27.8 milligrams and a maxi-
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mum of 39.4 milligrams, with an average of 32.1 milligrams per 100 c.c. of 
blood. The amino acid nitrogen values were between a minimum of 5.7 
milligrams and a maximum of 7.8 milligrams, with an average of 6.4 milli-
grams per 100 c.c. of blood. The undetermined rest nitrogen values were 
between a minimum of 10.1 milligrams and a maximum of 17.5 milligrams, 
with an average of 13.7 milligrams per 100 c.c. of blood. The undetermined 
nitrogen included uric acid nitrogen, creatinine and creatine nitrogen with 
a trace of ammonia. 
A comprehensive survey of the chemical and physical composition of 
human blood is that of Gettler and Baker ( 65). They made chemical and 
physical analyses of the blood of thirty normal individuals. The values 
they obtained for non-prontein nitrogen ranged between 30 and 45 milli-
grams per 100 c.c. of blood. Three cases went a trifle higher. They stated 
that all values above 50 should be regarded as pathologic. The values for 
urea nitrogen ranged between 15 and 25 milligrams per 100 c.c. of blood. 
Two cases fell below 1 milligram per 100 c.c., showing 0.7 and 0.6 milli-
grams, respectively. Most of the values obtained for preformed creatinine 
were 0.1 milligram or less for 100 c.c. of blood. For creatine the values 
ranged between 3.0 and 6.5 milligrams. For sugar the values obtained 
ranged between 50 and 120 milligrams per 100 c.c. of blood. 
Gettler and Baker ( 65) compared the results of their chemical analyses 
with the results obtained by various workers. The results are given in 
milligrams per 100 c.c. of blood. Non-protein nitrogen: Gettler and Baker 
30-45 ; Folin and Denis 22-37; Greenwald 30; Bang 19-39 ; Taylor and 
Hulton 25-28; McLean and Selling 23-44; Myers and Fine 25-30; Holweg 
40-61. Urea nitrogen: Gettler and Baker 15.0-25.0; Folin and Denis 12.0-
27 .b; Bang 6.0-20.0; McLean and Selling 12.0-27 .0; Myers and Fine 12.0-
15.0; Schwartze and McGill 10.8-25.2. Uric acid: Gettler and Baker 1.0-3.5; 
Folin and Denis 0.7-3.7; Myers and Fine 1.0-2.0; Maase and Zondek 2.5. 
Creatine: Gettler and Baker 3.0-6.5 ; Folin and Denis 5.2-8.l ; Myers and 
Fine 5.0-10.2. Creatinine: Gettler and Baker 0.1-0.5; Folin and Denis 
1.1-1.4; Myers and Fine 1.0-2.01. Sugar: Gettler and Baker 50-120; Folin 
and Denis 90-110; Bang 100-110; Taylor and Hulton 50-150; Michaelis 
90-130; Strouse 40-120; Naunyn 70-100; Liefman and Stern 70-110; Hol-
linger 70-110; Frank 80-110; Rolly and Opperman 62-88; Kowarsky 50-110; 
Freund and Marchand 55-120. 
Myers (118) states the following values for different blood constituents 
per 100 c.c. of normal human blood. Non-protein nitrogen 25 to 35 milli-
grams; urea nitrogen 12 to 15 milligrams; uric acid 2 to 3 milligrams and 
creatinine 1 to 2 milligrams. The sugar values ranged from 0.09 to 0.12 
per cent. The states ''that it is difficult to draw an arbitrary line indicat-
ing where norinal :findings end, and pathologic begin, but it is believed safe, 
when blood is taken after a fourteen hour fast (in the morning before . 
breakfast), to regard urea nitrogen above 20 milligrams per 100 c. c. and 
a sugar value above 0.15 per cent as quite definitely pathologic.'' 
BLOOD FILTRATES 
Folin and Wu (61) in 1919 described a method for the preparation of 
a protein free blood :filtrate in which tungstic acid precipitated the pro-
teins. The protein-free blood :filtrates so prepared lend themselves perfectly 
to the non-protein nitrogen determinations by the direct Nesslerization 
process of Folin and Denis ( 56). 
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Non-protein Nitrogen 
Folin and Wu (61) introduced certain modifications of the Folin-Denis 
(56) method for the determination of total non-protein nitrogen which they 
believed represented improvements. 
Koch and McMeekin (102) described a modification of the Folin-Denis 
method for the determination of non-protein nitrogen in which one to five 
drops of a thirty per cent hydrogen peroxide solution is added to the sul-
phuric acid digestion mixture, after it has been heated over a micro-burner 
until the dense white fumes have filled the tube and then allowed to cool for 
fifteen to thirty seconds. This method avoids the troublesome separation 
of silicon dioxide so common in the Folin-Denis ( 56) procedure and shortens 
the time of digestion. 
Folin ( 50) stated that the unknown nitrogenous products in blood 
filtrates are greatly increased in those cases in which there is excessive re-
tention of nitrogen. In such bloods the undetermined nitrogen is more 
abundant in the plasma than in the corpuscles. It is not possible to accu-
rately define the nitrogenous materials contained in blood filtrates, which 
make up the total non-protein nitrogen. These products contained in the 
filtrates can be classified into three groups: ( 1) the nitrogenous waste prod-
ucts, (2) the absorbed nitrogeno}ls food materials, and (3) undetermined 
materials, including some undetermined waste products, some undetermined 
absorbed food products, and in addition some products of unknown origin. 
Urea 
Probably the first definite proof that urea exists in the blood was fur-
nished by Prevost and Dumas ( 128) in 1821. They described certain ex-
periments in which both kidneys were removed from animals such as dogs, 
cats and rabbits. Analysis of the blood of such animals showed the presence 
of a large amount of urea, which was identified by determining its proper-
ties and by performing an elementary analysis. 
Marshall (110) in 1913 described a method for the determination of 
urea in blood which consisted of a conversion of urea into ammonium car-
bonate by means of the enzyme urease of the soybean, and a subsequent 
r emoval of the ammonia by means of an air current. By this method satis-
factory results could be obtained without a preliminary removal of the 
proteins, as was necessary in other methods for the determination of urea 
in blood. 
Folin and Wu (61) described a method for the determination of urea 
nitrogen in the tungstic acid blood filtrates by means of urease solution. 
Folin ( 49) used a urease preparation in the form of filter paper impreg-
nated with a strong urease solution. The ammonia from the urea may be 
obtained by distillation or by an air current. He also described a method 
of decomposing the urea of the blood filtrate by heating under pressure. 
Numerous modifications of this method of urea determination have 
been suggested, among them, Youngberg (156) used an open delivery tube 
in distillations when determining urea and non-protein nitrogen. This over-
came the difficulty of sucking back of the distillate into the heated flask. 
Johnson (99) used a flutter valve to prevent the same thing. Gruskin (70) 
added the urease to the whole blood before filtering the proteins. Butka and 
Meisner (32) described technical improvements in the ammonia distillation 
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by the use of an ebullition tube in the distilling fluid, a small capillary 
pipette which controlled the rate of admission of air, a water jacket, and a 
capillary outlet for gasses into the acid solution. 'fhe aspiration was accom-
plished by means of a small filter pump attached to a water outlet. Cooper 
(39) prevented foaming in the urea solution, during the removal of am-
monia by aeration, by the use of a mixture of 1 c. c. of toluol and 0.02 c. c. 
of caprylic alcohol. By this procedure the Nesslerized solutions remained 
clear for one hour. Roe and Irish ( 133) described a method for urea de-
termination in which the urease was added to the whole blood and then a 
protein free filtrate was made by tungstic acid. Sevringhaus and Hipple 
(140a) stated that the ammonia contained in the filter paper and the am-
monia in the water constituted two sources of error in blood urea and 
nitrogen determinations. 
Karr (100) described a method for blood urea nitrogen determination 
in the tungstic acid filtrate by urease conversion, Nesslerization and colori-
metric comparison without removal of ammonia from the digestion mixture. 
An artificial standard solution was used composed of a mixture of iron, 
cobalt and nickel chlorides, previously standardized against a known urea 
solution. The artificial standard occasionally became cloudy, perhaps 
caused by deposition of ferric salts. They found that the artificial standard 
should be freshly prepared. When only a few determinations were to be 
made and urease paper used, it was possible and perhaps preferable to 
read the unknown against the color developed from the standard urea solu-
tion instead of the artificial standard. 
Marshall and Davis ( 111) stated that urea was present in all the or-
gans and tissues. The amount present in the tissues was approximately 
uniform and about equal to that of the blood, both in normal conditions and 
when there was an abnormally large amount of urea present. The tissues 
which formed an exception to this rule were fat, which had a low urea 
content, and those of the urinary tract, which had a high content of urea. 
When m:ea in solution was injected intravenously, it diffused to all 
parts of the body almost instantly. 
The urea was eliminated rapidly by the kidneys. The rate of excretion 
rose in some cases to 16 grams per kilo of body weight per day or even much 
higher. 'fhe rate of excretion of urea in normal animals was directly pro-
portional to the concentration of urea in the blood. It was sometimes r e-
tarded, however, by a dehydration of the organism. 
Mosenthal and Hiller ( 115) stated that the body usually metabolized 
protein in such a manner that approximately 80 per cent of the nitrogen 
set free in the blood was in the form of urea. The selective action of the 
kidney maintained the urea nitrogen at a level of 50 per cent or less of the 
total non-protein nitrogen of the blood. An impairment of renal function 
even to a slight degree, sometimes resulted in an increase of the percentage 
of urea nitrogen. This increased percentage of urea nitrogen sometimes oc-
curred whether the total non-protein nitrogen was high or low. Cases with 
acute renal conditions showed a high percentage of total non-protein nitro-
gen, as urea nitrogen of the blood, which returned to normal as convales-
cence ensued. 
Individual patients, whose clinical condition did not vary appreciably, 
exhibited a constant percentage of urea nitrogen whether the total non-
protein nitrogen was high or low. 
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Mosenthal and Hiller concluded that from a clinical point of view, 
figures for urea nitrogen were preferable to total non-protein nitrogen. The 
methods for urea nitrogen determination of the blood were simpler and were 
perfected so that they yielded constant results comparable to those of other 
observers. The methods of determining total non-protein nitrogen as used 
by different investigators did not always yield constant results. 
The percentage of non-protein nitrogen occurring as urea nitrogen, as 
well as other non-protein nitrogen fractions in the blood required much 
more detained study in order to be of extensive clinical significance. 
Uric Acid 
Garrod ( 64), as early as 1848, identified uric acid in the blood of pa-
tients suffering from gout. Moreover, this writer showed that this substance 
was normally present in the blood only in traces, and was definitely in-
creased in gout and in certain cases of nephritis. 
No noteworthy advance in our knowledge of the blood uric acid was 
made from the time of Garrod until Folin and Denis (54) in 1913 reported 
their first results on the uric acid content of human blood. In a series of 
unselected cases they ( 58) found between 1 and 3 milligrams per 100 c.c., 
the average being close to 2 millig~·ams. They divided the figures into three 
groups, arranged according to the amount of uric acid found. Group 1 
consisted of 5 cases with figures ranging from 0.7 to 0.9, with an average 
of 0.8 milligrams per 100 grams of blood. Group 2 consisted of 22 cases 
ranging from 1 to 2 milligrams, with an average of 1.47 milligrams per 
100 grams of blood. Group 3 consisted of 11 cases ranging from 2.3 to 3.7 
milligrams, with an average of 2.83 milligrams per 100 grams of blood. 
They stated that in certain kinds of human blood (gout and lead poison-
ing) there was an accumulation of uric acid. 
Myers (118, p. 51) stated that the figures now regarded as normal for 
uric acid content of human blood were between 2 and 3 milligrams per 
100 c.c. of blood. Figures as low as 1 milligram and as high as 3.8 milli-
grams were sometimes encountered in strictly normal individuals, the dif-
ference probably depending in part upon dietary factors. Kingsbury and 
Sedgwick ( 101) observed that the blood uric acid was high in infants dur-
ing the first three or four days of life, in harmony with the high uric acid 
excretion during that period. 
In 1915 Benedict ( 12) introduced certain modifications which did much 
to increase the accuracy and simplicity of the Falin-Denis method (54) of 
uric acid determination. Potassium cyanide was employed to decompose 
the silver precipitate instead of hydrogen sulphide. Another modification 
recommended by Benedict and Hitchcock ( 15) was the preparation of a 
standard uric acid solution in which the uric acid was held in solution by a 
mixture of disodiuni hydrogen phosphate and sodium dihydrogen phosphate, 
instead of the formaldehyde uric acid solution of Folin and Denis. Bene-
dict and Hitchcock also recommended the combined use of silver lactate, 
magnesia mixture and ammonia into a single reagent and the use of col-
loidal iron to remove the last trace of protein after coagulation. 
Folin and Wu (61) in 1919 described a method of estimating uric acid 
directly in the protein-free blood filtrate obtained after tungstic acid pre-
cipitation without evaporation of the filtrate. They preciptated the uric 
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acid from the filtrate with a special lactic acid silver lactate reagent, after 
which the uric acid was set free from the silver precipitate by a solution of 
sodium chloride containing hydrochloric acid. 
Benedict ( 10) developed an extremely simple technique whereby the 
uric acid color reaction was developed directly on th Folin-Wu tungstic 
acid blood filtrate. He employed a different uric acid reagent (arsenic-
phosphotungstic acid) and used cyanide as the sole alkali and heat in the 
development of the color. Folin (52) considered that the success of Bene-
dict's method was not in the uric acid reagent but the use of the cyanide as 
the sole alkali. Folin adopted most of Benedict's suggestions (49, p. 247) 
except that he continued to employ the original Folin-Denis uric acid 
reagent. 
Brown and Raiziss (27) compared the Folin-Wu and Benedict meth-
ods of determining uric acid, and concluded that adsorption of uric acid did 
not take place in the precipitation of blood proteins by the method of Folin 
and Wu. Equally good recoveries of added uric acid could be obtained by 
either the Folin-Wu or Benedict method. The Folin-Wu method gave cor-
rect results for blood uric acid, while the high results found with Benedict's 
method were caused by interfering substances. When the blood contained 
large amounts of uric acid, Benedict's reagent was selective and yielded re-
sults similar to those of Folin and Wu. They further concluded that Bene-
dict's method, owing to its speed and requirement of small quantities of 
blood, could be used for routine clinical analysis, but was not to be recom-
mended for research purposes. 
Creatinine and Creatine 
J a.ffe ( 95) was the first to direct attention to the fact that when a solu-
tion of creatinine was added to a solution of sodium or potassium picrate 
containing an excess of alkali a deep orange red color resulted. He referred 
to the reaction as being due to the reduction of picric acid. 
Practically no quantitative information on the creatinine and creatine 
of the blood was available until Folin (51) in 1914 introduced the colori-
metric method for their determination and about the same time Folin and 
Denis ( 57) reported observations on a series of normal and miscellaneous 
cases and nine cases of uremia and two cases of nephritis. Creatinine in 
normal and miscellaneous cases ranged from 0.9 to 1.8 milligrams per 100 
c.c., whereas in the uremia cases 4 to 32 milligrams per 100 c.c. was found. 
A case of chronic nephritis showed 7 .5 milligrams and a case of nephritis 
hemiplegia coma showed 3 milligrams per 100 c.c. of blood. Myers ( 116) 
stated that for normal individuals the creatinine of the blood amounted to 
1 to 2 milligrams per 100 c.c., the findings for the strictly normal being 
nearer 1 than 2 milligrams. As soon as one passed to hospital patients, 
however, higher values were found. Although the great majority of cases 
without renal involvement showed creatinine figures on the whole blood be-
low 2.5 milligrams per 100 c.c., occasionally figures as high as 3.5 milligrams 
were usually accompanied by urea retention. Many of the cases below 4 
milligrams sometimes showed improvement, but with over 4 milligrams the 
reverse was usually true. 
Folin and Wu (61) described adaptations of the methods of determin-
ing preformed creatinine and creatine plus creatinine to the tungstic 
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acid protein-free blood filtrates. Folin (50) stated that the normal creatin-
ine content of human blood could be given as 1.2 to 1.5 milligrams per 
100 c.c. of whole blood, according to results obtained by the method of 
Folin and Wu. The creatine content of such blood varied between 3.5 milli-
grams and 5 milligrams. He further stated that the creatinine content of 
blood was remarkably constant normally, which was to be expected, in view 
of the fact that the endogenous production of creatinine was by far the 
largest source of the urinary creatinine. 
Chase and Myers ( 36) emphasized the point that large retentions of 
creatinine represented the most valuable single index in advanced cases of 
nephritis in which there were nitrogen retentions. 
Shaffer (141) stated that creatinine was derived from some special 
process of normal metabolism taking place, largely if not wholly, in the 
muscles. The intensity of this process appeared to depend upon the mus-
cular efficiency of the individual. Creatine was not a normal product of 
endogenous metabolism and was not present in the urine unless the indi-
vidual had taken creatine in the food. Creatine was sometimes excreted 
in acute fevers and in other conditions in which there was a rapid loss of 
muscle protein. The appearance of creatine in the urine probably indi-
cated that muscle protein was being absorbed .. 
Shaffer stated that the.numlfer of milligrams of creatinine excreted in 
twenty-four hours per kilo of body weight is called the creatinine coeffi-
cient, and shows a direct parallelism with the muscular development of 
strength or "muscular efficiency" of the individual. 
Hunter and Campbell (94) stated that the creatinine content of nor-
mal human blood plasma ranged under different conditions from 0.7 to 1.3 
milligrams per 100 c.c. of blood. The average for 60 specimens examined 
was 1 milligram. It was practically certain that the creatinine of normal 
blood was distributed through corpuscles and plasma in uniform concentra-
tion. Creatinine was usually lower in females than in males and lower in 
subjects deprived of exercise. The creatine of the blood was concentrated 
chiefly in the corpuscles, the average content in the corpuscles being between 
6 and 9 milligrams per 100 c.c., while the plasma contained not more than 
0.4 to 0.6 of a milligram per 100 c.c. The blood as a whole contained ap-
proximately 3 milligrams of creatine per 100 c.c. 
Wang and Dentler (150) reported observations on twenty-four normal 
women, fifteen of whom were observed during both the menstrual and inter-
menstrual period. No regular variation was found during menstruation 
for either creatinine or creatine. In nine cases there were slight creatinine 
increases during menstruation and in five cases there were decreases. On 
the other hand, seven cases showed lower and eight showed higher creatine 
values during menstruation. 
The creatinine in the different subjects ranged from 0.96 to 1.65 milli-
grams, with an average content of 1.3 milligrams per 100 c.c. of blood. 
This fell within the range observed by other investigators and failed to 
substantiate the suggestion that blood creatinine was lower in women. 
The creatine concentration was 2.23 to 4.65 milligrams per 100 c.c., 
which was silghtly lower than the range observed by others. No relation 
was observed between the age of the subject and increased creatinine. 
Myers ( 117) stated that the physiological fact to be born in mind in re-
gard to creatinine, was the absolute constancy of its elimination, different 
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for different individuals, but wholly independent of the volume of urine. 
In a disease in which the creatinine output was low, creatine was generally 
excreted. Creatine was not normally present in urine and was to be re-
garded as pathologic. It was usually found associated with loss of muscle 
protein. 
Feinblatt ( 45) reported observations on creatininemia based upon 
1500 blood chemical analyses. The creatinine blood values exceeded 2.5 
milligrams per 100 c.c. in forty-three patients. The analysis of this group 
showed that there were other unmistakable evidences of renal deficiency. 
Forty cases were diagnosed as glomerulonephritis, while the other three 
. were anemic. Fourteen patients who had attained figures of 10 milligrams 
or over, died within 17 days, the average period having been four days. Of 
fifteen patients who yielded figures from 5 to 10 milligrams, eleven patients 
died within 17 days, the average period having been six days. Three others 
died later. Of twenty-one patients with readings ranging from 2.5 to 5 
milligrams, sixteen died. The urea sometimes rose with the creatinine, but 
not always. They stated also that the accumulation of uric acid bore an 
inconstant ratio and its readings were of little value in forming a prognosis. 
Hubbard (93) stated that the urea and creatinine values tended to 
vary together except when the urea nitrogen concentrations were low. The 
urea at times accumulated earlier in the blood than did creatinine, but often 
the creatinine later increased fairly rapidly to a comparable level. 
Poyales (127) stated that the index of creatinine in the blood gave a 
prognostic value, especially in retinal lesions of renal origin. The elevation 
of the amount of creatinine in the blood of nephritics gave an index to prox-
imity of death. 
Sedgwick (140) reported that creatinine was present in the liquor 
.Amnii, which possibly meant that its excretion began before birth. Creatin-
ine was always present in the urine during the first week and in a concen-
tration which approximately equalled that of adult urine. Creatine was 
also excreted during infancy. 
Blood Sugar 
.According to Myers ( 118, p. 79), Dobson in 1775 first recognized that 
blood contained a sugar-like substance. Claud Bernard ( 18) first demon-
strated the presence of sugar in normal blood. It remained for Lewis and 
Benedict ( 107) to introduce a colorimetric method for blood sugar estima-
tion, in which the red color obtained by heating a dextrose solution with 
picric acid and sodium carbonate was employed as the basis. 'rhe colored 
derivative formed was probably picramic acid. The blood proteins were 
removed by precipitation with picric acid. One objection to this method 
was the necessity of boiling the solution to dryness to complete the reaction 
between the sugar and the picric acid. 
Pearce (125) modified the method by using the higher temperature of 
the autoclave to develop the color. Myers and Bailey ( 119) further modi-
fied the original method by providing for less dilution of the blood, so that 
the final reaction took place in a more concentrated mixture of glucose and 
picric acid. Benedict (11) further modified the method, using the same 
dilution as the original method, but using a solution of sodium picrate and 
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picric acid and developing the color by immersing the solution in boiling 
water for 10 minutes. 
Folin and Wu (61) in their system of blood analysis, developed a 
method for the estimation of blood sugar adapted to the tungstic acid blood 
filtrates. They used an alkaline copper solution which was reduced by the 
sugar. A stable color reaction was obtained by the application of a special 
sugar reagent (phosphotungstic-phosphomolybdic acid) to the cuprous 
oxide. In 1920 Folin and Wu (62) published a modification of this method. 
They modified the preparation of the sugar reagent and recommended the 
use of a special "sugar test tube" for the determination. 
Numerous modifications of the Folin-Wu method and the other meth-
ods have been made. Benedict (8) described a colorimetric method for the 
determination of blood sugar based on a copper citrate reagent. Folin ( 48) 
in 1926 further modified the method by using a new alkaline copper tartrate 
solution. He also used a new acid molybdate reagent for the estimation 
of cuprous copper. The blood filtrate was neutralized. Benedict (9) in 
1928 described a method for the determination of blood sugar in which he 
added alanine to the copper tartrate solution. 
Another method of sugar estimation that should be mentioned is that 
of Hagedorn and Jensen (75). The principle of this method is the pre-
cipitation of the blood proteins y means of zinc hydrate and oxidation of 
the sugar in the filtrate by potassium ferricyanide. The amount of residual 
ferricyanide may then be estimated by taking advantage of its power to 
liberate iodine from iodides. 
According to Myers (116) the blood sugar of the normal human sub-
ject appeared to fall somewhere between 0.09 and 0.12 per cent, the aver-
age being approximately 0.10 per cent. The results were dependent upon 
the method employed for determination, at times differing by as much as 
0.02 per cent in normal blood. Slightly higher figures seemed to be obtained 
by the picric acid method of Benedict in its various modifications, than by 
most of the other methods. It seemed certain that the reducing power of the 
blood was to a great extent caused by glucose, although various methods ap-
peared to be influenced by other reducing substances. The figures obtained 
by the various methods, however, differed so little relative to the variations 
that occurred in disease that the question of the method scarcely entered 
into a discussion of the blood sugar findings in disease. 
The figure 0.10 per cent for normal individuals applied to observa-
tions made in the morning previous to the intake of any carbohydrate. 
After a meal rich in carbohydrate there was at times an appreciable rise 
in the sugar content of the blood to 0.12 or 0.14 per cent. Foster (63) 
showed that the sugar content in arterial blood was materially higher than 
in venous blood. The sugar of the blood was the topic of an extensive re-
view by Macl;eod (108) in 1921. 
Feinblatt ( 46) studied hyperglycemia based upon two thousand blood 
sugar determinations. Eighty-one determinations yielded readings in excess 
of 150 milligrams per 100 c.c., thirty-four patients or 42 per cent of this 
group presented clinical evidence of diabetes mellitus. The remaining 
forty-seven patients were considered non-diabetic. Of the non-diabetics the 
diagnosis accounted for the hyperglycemia in only fourteen, or 30 per cent. 
It was believed that a single report of an abnormally high blood sugar value 
could not be construed as pathologic, inasmuch as transient hypergly-
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cemia often resulted from emotional disturbances. The renal blood sugar 
level varied in different individuals and in the same individual uncfer 
different circumstances. In the diabetic a high threshold often existed. 
Greisheimer ( 69) found that the irritability of the reflex arcs of de-
cerebrate dogs increased as the blood sugar decreased. This occurred 
whether the blood sugar decreased spontaneously or after insulin. She sug-
gested the probability that a fundamental r elationship existed between the 
blood sugar level and irritability of the nervous system. 
John (97) concluded from an analysis of 10,368 synchronous blood 
sugar and urea determinations that there was an apparent lack of depend-
ence of one on the other. 
Phosphorus 
The study of the occurrence and distribution of phosphorus compounds 
in blood has been stimulated by the introduction of new analytical methods. 
Bloor (20) and Buell (29) divided the phosphoric acid compounds of 
human blood into three distinct types: ( 1) Inorganic phosphates; ( 2) 
lipoids that contain phosphorus; and ( 3) organic substances other than 
lipoids that contain phosphorus. Classes ( 1) and ( 3) were referred to col-
lectively as "acid soluble phosphates." Class (3) was termed "organic 
phosphate" or" unknown phosphate." The acid soluble phosphates and the 
lipoid-phosphoric acid compounds were apparently sharply defined, in 
general their sum equaling the total phosphates. The presence of other 
forms of phosphoric acid combinations in blood in significant amounts was 
doubtful. 
Bloor (20) gave the average content of inorganic phosphorus in the 
plasma of both men and women as about 3 milligrams per 100 c.c. and of 
lipoid phosphorus about 7.5 milligrams. Buell (29) concluded ,that inor-
ganic phosphorus was absent from the corpuscles. Bloor (20) states that, 
''the amount of the unknown form of phosphorus combination in the plasma 
is very small, but in the corpuscles it constitutes 60 to 80 per cent · of the 
total phosphorus.'' 
The presence of lipoid phosphorus in the blood has long been recog-
nized, but data regarding the inorganic phosphorus are of more recent 
origin. Clinical interest is attached at present to the inorganic phosphorus. 
Greenwald (66) in 1915 observed that normally the acid soluble 
(largely inorganic) phosphorus varied between 2 and 6 milligrams per 100 
c.c. of serum, but that in severe nephritis it was at times considerably in-
creased. These observations were confirmed by Marriott and Howland ( 109). 
Bloor (21) in 1918 developed a nephelometric method for the deter-
mination of phosphoric acid in blood, which was adapted from a method 
first introduced in this country by Greenwald ( 66). It consisted of ashing 
the blood by the use of sulphuric and nitric acids with heat. A strychnine 
molybdate reagent was used to react with the phosphates to form phos-
phomolybdate, which was compared against a standard in a nephelometer. 
In 1914 Taylor and Miller (144) described a method for the determina-
tion of phosphates which was adapted from the Neumann method (121) 
for titrimetric estimation of phosphoric acid. This method depended on the 
precipitation of ammonium phosphomolybdate and the subsequent colori-
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metric determination of the molybdenum in the precipitate. This reaction 
was based upon the following equation: 
2(NH4 )s P04 • 24 Mo03 .4 HNOa + 56 NaOH = 
24 Na2 Mo04 + 4 NaNOa + 2 Na2 HP04 + 32 H20 + 6 NHa. 
Bell and Poisy (7) in 1920 found that by reducing molybdic acid with 
phenol (hydroquinone) in carbonate sulfite solution, a blue color was ob-
tained which was proportional to the amount of phosphorus present. Be-
cause of the rapid fading of the alkaline blue solution, Briggs (24) suggested 
that the reading be made in acid solution. Briggs (25) also modified the 
method by increasing the strength of the hydroquinone solution from 0.5 
to 1 per cent. Benedict and Theis (17) combined the hydroquinone and 
bisulfite into one solution. Fiske and Subbarow ( 47a) substituted 0.25 per 
cent solution of aminonaphthol-sulphonic acid for the hydroquinone solu-
tion. 
Denis and Minot ( 43) in 1920 found, in conditions other than nephritis 
and cardio-renal disease, figures for inorganic phosphorus varying from 
1.2 to 3.1 milligrams per 100 c.c. of plasma in the human. However, in one 
case of uremia figures exceeding 40 milligrams were observed. 
DeWesselow (44) reported observations on fifty-three cases of nephritis 
with thirteen deaths. In twelve '6f the cases that died the highest inorganic 
phosphorus figurs ranged from 10 to 22 milligrams per 100 c.c. of plasma. 
He believed that phosphorus retention was more definitely connected with 
the symptoms of true urenia than was the retention of urea. Schmitz, 
Rohdenburg and Myers as stated by Myers ( 116) collected observations on 
a comparatively large series of nephritics, the highest figure for inorganic 
phosphorus being 25.5 milligrams. In several cases low figures for c·alcium 
--4 to 5 milligrams-were encountered, the phosphorus values being about 
15 milligrams. These cases showed uremic convulsions. 
Howland (91) summed up the findings on infants and stated that the 
breast fed infant had an average of about 6 milligrams of inorganic phos-
phorus per 100 c.c. of serum. The average for the artificially fed child was 
a little lower, about 5.5 milligrams, while the rachitic infant had 3.5 milli-
grams or less. 
Tisdall and Harris (147) and Myers with his collaborators (113) ob-
served that following major fractures in adults there was a rise in the 
inorganic phosphorus content of the blood, in many instances to the level 
found in children. At times the rise took from several days to two or four 
weeks. After union of the fracture the phosphorus gradually fell. As a 
rule, cases with non-union following fracture did not show this reaction in 
the blood phosphorus. 
Byrom and Kay ( 33) stated that in the normal individual the inor-
ganic phosphorus was only one-twelfth of the total phosphorus. In disease 
the retention of inorganic phosphorus was roughly proportional to the 
severity of the disease. However, a marked retention of phosphorus ap-
peared, to begin later than urea retention, which these writers · considered 
a serious prognostic sign. 
Tolstoi (148), in studying the phosphorus of serum and plasma of 
ninety-one normal adults, concluded that the inorganic phosphorus ranged 
from 2.5 to 3.3 milligrams per 100 c.c. 
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Calcium 
According to Clark (38) the methods for the determination of cal-
cium, if classified according to the manner of obtaining solutions from 
which calcium may be precipitated, fell into three groups: (1) Destruction 
of the organic matter (proteins) by ashing or by digestion and solution of 
the ash in hydrochloric acid; (2) Precipitation of the proteins, by picric, 
tungstic or trichloracetic acids, and the use of aliquot parts of the filtrate; 
( 3) Direct precipitation, in the presence of proteins, so far only applied to 
whole blood, plasma and serum. 
Although every method utilized the oxalate ion for the precipitation 
of calcium, considerable variation was observed as to the manner of ob-
taining the hydrogen ion concentration at which pure calcium oxalate was 
most completely precipitated. After obtaining the washed calcium oxalate 
the following procedures were used for the actual estimation of the calcium. 
1. Gravimetrically, by conversion to calcium oxide or calcium sul-
phate and weighing. 
2. Volumetrically (a) by titration with potassium permanganate, and 
(b) by solution in excess acid and titration of excess acid. 
3. Nephelometrically by conversion into a calcium soap. 
4. Colorimetrically, by decolorization of ferric thiocyanate with oxa-
lates. 
5. Iodometrically by solution of calcium oxide in excess hydrochloric 
acid, the excess acid then determined by estimating the amount of iodine 
liberated. 51- + l0-3 + 6H+ ~ 3H20 + 412• 
Clark described also a micro-method for the determination of calcium 
which depended on the direct precipitation of calcium from serum, plasma 
and whole blood, as calcium oxalate and titrating with 0.01 normal potas-
sium permanganate. The procedure required several hours for a deter-
mination. 
Kramer and Tisdall ( 105) in 1921 described a simple method for de-
termining calcium in serum by precipitating the calcium as calcium oxalate 
in a centrifuge tube. The precipitate was driven to the bottom by the use 
of the centrifuge and was subsequently washed three times with two per 
cent ammonia. The tube was centrifuged for five minutes after each wash-
ing. After the last washing the supernatant fluid was syphoned off. The 
crystals were suspended in the residual liquid and dissolved in 2 c.c. of 
normal sulphuric acid, heated in a water bath and titrated against 0.01 
normal potassium permanganate to a definite pink color, which persisted 
for at least a minute. In 1923 Tisdall (146) simplified the technique of 
washing the precipitate. 
Clark and Collip (37) modified the procedure as given by Tisdall by 
substituting one washing with 3 c.c. of ammonia for two washings with 
4 c.c. of dilute ammonia. The tubes were allowed to drain for five minutes, 
which reduced the· amount of mother liquor left in the tube from about 0.1 
c.c. to 0.02 c.c. Thus, the loss of calcium due to its solubility was balanced 
by the amount of ammonium oxalate left in the precipitate. This method 
was accurate within two per cent. 
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The literature on the variations, which occur in the concentration of 
calcium in blood under normal conditions, is not extensive. 
Myers stated (118) that the calcium content of human blood serum was 
normally constant at somewhere between 9 and 11 milligrams per 100 c.c. 
of serum, the fig"\].res averaging slightly higher for children than adults. It 
has been recognized for some time that the tetany following parathyroidec-
tomy was associated with a decreased blood calcium and that the symptoms 
of t etany were relieved by calcium therapy. Myers stated that in infantile 
t etany the calcium content fell to between 3.5 and 7 milligrams per 100 c.c. 
Koechig ( 103) reported that in various pathologic conditions the cal-
cium content of the plasma did not differ from the normal values, which 
were between 9.5 and 11 milligrams per 100 c.c. Low figures have been 
found in nephritis, colitis, pellagra, jaundice, osteomalacia and tetany. 
Wells ( 155) reported studies on blood calcium and inorganic phos-
phates in children with marked lack of muscle tone. The children were 
divided into three groups. Group 1 consisted of ten normal children, who 
had a serum calcium value ranging from 10.1 to 11 milligrams, with an 
average of 10.4. Group 2 consisted of twenty cases of inflamed tonsils and 
adenoids, but a good muscle tone, the calcium values ranged from 8.7 to 10.6 
milligrams, with an average of 9.8. Group 3 consisted of thirty cases show-
ing a marked lack of muscle tone and having calcium values ranging from 
6.6 to 10.6 milligrams, with an average of 9. This author concluded that 
the blood picture in flabby children was not similar to that of rachitic 
children, although the calcium variation was the same in both conditions. 
Hess and his associates ( 85) stated that in moderate rickets the phos-
phorus or calcium, or both, might be moderately increased. In severe rickets 
the phosphorus was markedly reduced even in those cases exclusively breast 
fed, while calcium might or might not be lowered. In rickets complicated 
by tetany the calcium was considerably reduced. The phosphorus might or 
might not be reduced. 
Anderson ( 5) stated that such variations as occurred in rachitic cal-
cium values had no significance, either as an indication of the severity or 
as an indication of activity or healing. She concluded that, although the 
blood calcium was slightly more variable in rachitic than in normal chil-
dren, this variability had no prognostic nor diagnostic value, and a study of 
calcium values alone was 'Unlikely to prove of much assistance as an indi-
cation of cause or treatment. 
Peters and Eiseron ( 126) stated that the concentration of calcium in 
serum varied directly with the concentration of protein and inversely with 
the concentration of inorganic phosphorus. 
Halverson, Mohler and Bergeim (76) found that there was no appre-
ciable difference in the calcium content of plasma and serum. They found 
that the normal calcium content ranged between 9 and 11 milligrams per 
100 c.c. of plasma, whereas in tuberculous patients it ranged from 8.4 to 11 
milligrams. As a result of the experiences of the writers the indications 
were that the calcium content of the serum was little affected by the cal-
cium given with the food. 
Danielopolu and Maxim ( 41) stated that there was a slow increase of 
calcium in the blood in attacks of angina pectoris with 12.5 milligrams per 
100 c.c. of plasma during the attack and 14.1 milligrams after the attack. 
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THE CONCENTRATION OF CHEMICAL CONSTITUENTS IN THE BLOOD OF ANIMALS 
The Blood of Laboratory Animals 
A review of the literature on the composition of the blood of animals 
shows that no exhaustive study has been made in this field since 1898, when 
Abderhalden (1) published a rather complete analysis of the blood of vari-
ous domestic animals. 
In 1913 Folin and Denis ( 58) in the presentation of their early micro 
methods ( 54, 55), gave a table for the non-protein nitrogen, urea nitrogen 
and uric acid nitrogen of the blood of the horse, sheep, pig and the ox. The 
following year they published figures for creatinine and creatine in the 
blood of the ox, sheep and pig, using the picric acid method ( 51, 57). In 
1915 Benedict (13), modifying the procedure of Folin and Denis, studied 
the uric acid present in the blood of the ox. Greenwald ( 67) and Green-
wald and McGuire ( 68), testing the efficiency of trichloracetic acid-kaolin 
as protein precipitates, published figures for the non-protein nitrogen and 
creatinine of the blood of the dog, sheep and ox. 
Dogs. The chemical composition of the blood of dogs has received more 
attention than that of any mammal other than man. 
Haden and Orr (71) reported the chemical findings in the blood of 
twenty-five normal dogs. The average non-protein nitrogen was 30.3 milli-
grams, urea nitrogen 11.1 milligrams, uric acid 1.5 milligrams, creatinine 
1.5 milligrams, amino-acid nitrogen 6.3 milligrams, sugar 76 milligrams, 
and chlorides 458 milligrams per 100 c.c. of blood. They found that after 
intestinal obstruction there was a rise in urea nitrogen, non-protein nitro-
gen and sugar. They stated that there was a close similarity of the blood 
findings, in intestinal obstruction, acute lobar pneumonia and serum dis-
ease, which suggested that these widely different conditions may have had 
a common chemical basis. Similar changes were noted after pyloric ob-
struction (73) and after obstruction of the esophagus and cardiac and of 
the stomach (72). 
Haden and Orr (74) also reported the results of two hundred consecu-
tive analyses of the blood of normal dogs. The average non-protein nitro-
gen was 30.8 milligrams, urea nitrogen 11.7 milligrams, creatinine 1.5 milli-
grams, the amino-acid nitrogen 6.7 milligrams, and the sugar 82 milligrams 
per 100 c.c. of blood. 
Morgulis and Edwards (114) reported the normal composition of dog 
blood from the examination of six dogs which ranged in weight from 9.58 
to 19.86 kilos. The non-protein nitrogen varied between 31.9 and 40 milli-
grams per 100 c.c., with an average of 34.8 milligrams per 100 c.c. The 
urea nitrogen varied between 11.1 and 15.1 milligrams and averaged 12.9. 
The amino-acid nitrogen varied between 7.8 and 9.5 milligrams, with an 
average of 8.7. The creatinine values were between 1.5 and 1.7 milligrams 
per 100 c.c., with an average of 1.5 milligrams per 100 c.c. The creatine 
ranged between 2.4 and 4 milligrams, with an average of 3.16 milligrams 
per 100 c.c. of blood. The sugar varied from 74 milligrams to 106.3 milli-
grams, with an average of 96.7 milligrams per 100 c.c. of blood. The un-
determined nitrogen varied from 26 to 44 milligrams, with an average· of 
31.5 milligrams per 100 c.c. of blood. 
Morgulis and Edwards have compared the values of certain constit-
uents in the blood of the dog, which have been obtained by different authors. 
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The results are given in milligrams per 100 c.c. of blood. Non-protein nitro-
gen: Bang 34.0-38.0; Atkinson and Ets 28.0; Haden and Orr 30.3; Draper 
44.0. Urea nitrogen: Bang 17.0-27.0; Atkinson and Ets 17.9; Haden and 
Orr 11.1; Marshall and Davis 12.5-13.0; Austin and Stillman and Van 
Slyke 9.2-10.9; Hammond 12.1; Draper 18.0. Amino-acid nitrogen: Van 
Slyke and Meyer 3.0-5.0; Gyorgy and Zunz 4.0-5.0; Okada and Hayashi 
7.3; Bock 7.5. Uric acid: Haden and Orr 1.5; Draper 0.7. Creatine: 
Mathews 1.54 for young animals and 2.92 for adult animals. Creatinine: 
Haden and Orr 1.2-2. Sugar: Fujii 80-110; Haden and Orr 76; Atkinson 
and Ets 103; Draper 125. Chlorides: Hastings, Murray and Murray 304.0-
306.5 ; Haden and Orr 277. 
Morgulis and Edwards concluded, from their study of the chemistry 
of the blood during fasting, that the non-protein nitrogen and urea nitro-
gen of the blood usually increased at an early stage of fasting and re-
mained at a more or less fixed level until the extreme stage was reached. 
when a new and much greater increase occurred. The blood uric acid in-
creased progressively during fasting. The creatinine remained constant, but 
the creatine, following a diminution which may have occurred during an 
early stage, rose rapidly in the most advanced stage of fasting. The sugar 
usually diminished in the course of the first of the fasting period, but in-
creased again during the later stages. When the animals were fed following 
a protracted fast, both the non-protein nitrogen and urea nitrogen and the 
uric acid and creatine, decreased rapidly even in the first few days of re-
alimentation. 
Pucher ( 129) found that in new born puppies the average urea nitro-
gen was 20.7 milligrams and sugar 110 milligrams per 100 c.c. of blood. 
He stated that new born puppies showed a marked urea nitrogen retention 
after fasting, whereas six weeks old animals showed much less nitrogen 
retention under similar experimental conditions. 
Benedict (14) in 1916 reported the observation that the Dalmation 
breed of coach hounds exhibited a marked peculiarity in its purine metabo-
lism, to the extent that it excreted large amounts of uric acid, even when on 
a purine-free diet. This peculiarity was exhibited by four Dalmations ex-
amined, but a fifth, "obviously not of very pure breed," did not eliminate 
much uric acid. He states ''that a single species of dog should exhibit this 
characteristic is remarkable, especially in view of the fact that the only 
other mammals that excrete uric acid in any considerable amounts are man 
and the anthropoid apes. The Dalmation coach hound, however, differs also 
from man and the anthropoids in that it excretes allantoin in considerable 
amounts, i. e., from one-half to two-thirds as much allantoin as uric acid. 
Hence the Dalmation is unique in respect to purine metabolism.'' 
With one dog of this breed, weighing about 10 kilograms, on a diet 
containing only 2.03 grams of total nitrogen, there was an excretion of 
0.154 grams of uric acid nitrogen and 0.073 grams of anantoin nitrogen, 
with a total nitrogen output of 5.4 grams. Further, Benedict found that 
the uric acid showed no gain when the nitrogenous food was increased four-
fold, although the output of allantoin increased as the nitrogen intake was 
augwented. 
For a period of nearly a year a dog of this breed was kept upon a 
purine-free diet and during nearly all of this time the uric acid elimination 
was determined daily. The total amount of uric acid eliminated during this 
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period was more than 100 grams, while the animal maintained a constant 
body weight. He concluded that not ten per cent of this quantity of uric 
acid could have come from the purine of the animal's tissues. As a result 
of this study, Benedict concluded that the adult mammal could synthesize 
purine from non-purine material. 
Some of Benedict's observations were corroborated by Wells ( 154), 
who observed a Dalmatian coach hound that excreted large quantities of 
uric acid. The liver of the same dog possessed the power of destroying uric 
acid in vitro, which indicated that the presence of uric acid in the urine of 
the Dalmatian did not depend upon the absence of uricase in the tissues. 
The kidneys did not show any uricolytic activity . H e also found that while 
the liver of the animal deaminized both adenine and guanine, neither the 
liver nor the spleen could convert xanthine into uric acid. 
Schwarz and Hamp (139) found that the blood sugar value in an in-
dividual dog r emained constant twelve hours after the taking of food, if 
the food r emained the same. Hunger was accompanied by a decrease in 
the blood sugar in a well nourished dog. The blood sugar value mounted 
in a short time after the food was taken. The blood sugar reached its 
high point in the second and third hour. About the twelfth hour it 
reached its normal value. The maximum values were between 28 and 35 
per cent above the normal value. 
Abderhalden ( 1) gave 3.5 milligrams of inorganic phosphorus and 8.1 
milligrams of calcium per 100 c.c. of serum as values for the dog. 
Cats. Folin and Denis (58) reported determinations of uric acid, non-
protein nitrogen and urea nitrogen in the blood of six cats. The uric acid 
value was 0.2 milligrams p er 100 grams of blood in each case. The non-
protein nitrogen ranged from 31 to 67 milligrams, with an average of 52.6. 
Urea nitrogen ranged from 20 to 37 milligrams, with an average of 30.3 
milligrams per 100 grams of blood. These writers (57) previously reported 
1.2 milligrams of creatinine and 8 milligrams of creatine plus creatinine 
per 100 c.c. for the blood of the cat. 
Abderhalden (1) gave 3.1 milligrams of inorganic phosphorus and 7.8 
milligrams of calcium per 100 c.c. of serum as values for the cat. 
Rats. In 1913 Folin and Morris (60) published data on the uric acid, 
non-protein nitrogen and urea content of rat blood. In their work they 
used the mixed blood of six normal rats and found 2 milligrams of uric 
acid, 38 milligrams of non-protein nitrogen and 22 milligrams of urea per· 
100 c.c. Voegtlin, Dunn and Thompson (147) in 1924 found an average 
of 113 milligrams of sugar per 100 c.c. of rat blood. 
Anderson, Honeywell, Santy and Pederson ( 4) found that in most re-
spects rat blood was quite similar to human blood. The most noticeable 
exception was in the case of non-protein nitrogen where the average value 
was considerably above that for human blood. Their averages were as fol-
lows: sugar 122 milligrams, total non-protein nitrogen 45.2 milligrams, 
creatinine 1.27 milligrams, creatine plus creatinine 6.42 milligrams, urea 
nitrogen 15.6 milligrams, and uric acid 1.86 milligrams per 100 c.c. of blood. 
Chanutin and Silvette ( 35) found in a group of seven control rats, the 
blood constituents averaged as follows: non-protein nitrogen 43 milligrams, 
with variations between 37 and 51 milligrams; sugar 136 milligrams, vary-
ing between 115 and 154; total creatinine 5.7 milligrams, with variations 
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between a minimum of 5.1 and a maximum of 6.7; preformed creatine aver-
aged 1.4 milligrams per 100 c.c. and ranged between 1.1 and 2.1 milligrams 
per 100 c.c. of blood. In addition, Chanutin and Silvette studied the effect 
of fasting on these constituents and concluded that there was little change 
in the non-protein nitrogen or creatine and creatinine. The blood sugar 
values fell in the early stages of fasting this condition was followed by a 
rise above normal with further progress of the fast. The feeding of creatine 
caused the blood creatine to markedly increase, but did not cause a decrease 
in the blood sugar as Hill ( 87) encountered in the dog and man. 
Guinea Pigs Teich ( 146) r eported that the calcium content in the 
blood of normal guinea pigs averaged 0.073 grams per 1,000 c.c. in seven-
t een animals with a range from 0.060 to 0.130 grams per 1,000 c.c. of blood. 
Rabbits. Culhane ( 40) reported variations in serum calcium in rab-
bits, with values from 14.31 to 17.12 milligrams, with an average of 15.47 
milligrams per 100 c.c. for six animals studied. He stated that insulin 
caused no rise in the serum calcium. The feeding of cabbage caused an im-
mediate rise except when the initial value could be regarded as exceptionally 
high. 
Brown (28) reported the results of five hundred ninety-seven deter-
minations of calcium and phospliorus in thirty-six rabbits. The average 
value for calcium was 15.6 milligrams and for inorganic phosphorus 4.51 
milligrams per 100 c.c. of serum. He stated that the mean values for cal-
cium were higher than most of those recorded in the literature and that the 
values for inorganic phosphorus were perhaps lower. It was found that 
both calcium and inorganic phosphorus showed wide ranges of variation 
with a tendency to vary in opposite directions. He found that the inorganic 
phosphorus content of the blood of normal rabbits was higher than in rab-
bits that had been kept for some time in the laboratory. 
H!trnes ( 79) made determinations of calcium and inorganic phos-
phorus on a series of rabbits recently received from the dealer and found 
that for the eighty animals examined, calcium varied from 14.5 to 18.5 
milligrams and inorganic phosphorus from 4.96 to 6.82 milligrams per 100 
c.c. of serum. He also found that over the same period of time, rabbits 
living in the laboratory maintained a higher level of calcium than those 
living out of doors. The inorganic phosphorus showed a decrease. 
Allers and Bondi (2) doubled the calcium content in the blood of rab-
bits by feeding large doses of hydrochloric acid. 
Folin and Denis ( 53) reported observations on the blood of six rabbits. 
The average values per 100 grams of blood were as follows: uric acid 0.05 
milligrams; non-protein nitrogen 31 milligrams; urea nitrogen 13 milli-
grams. They (57) reported also values of 1 milligram per 100 c.c. for 
creatinine and 10 milligrams per 100 c.c. for creatine and creatinine in the 
blood of the rabbit. 
Watkins and Smith (153) reported figures for blood constituents de-
termined in three rabbits as follows: in a normal doe the sugar value was 
124 milligrams, non-protein nitrogen 20.3 milligrams, and urea nitrogen 
11.4 milligrams per 100 c.c. of blood; for a seventeen days pregnant doe the 
sugar value was 110 milligrams, non-protein nitrogen 21.7 milligrams, and 
urea nitrogen 12.5 milligrams per 100 c.c.; for a lactating doe the sugar 
value was 113 milligrams, non-protein nitrogen 25.8 milligrams, and urea 
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nitrogen 18 milligrams per 100 c.c. Adrenalin caused a rise in blood sugar, 
due to a decreased rate of oxidation. There was also a rise in urea nitro-
gen which occurred later with some increase in the urinary urea. 
Ruggeri ( 135) found a hyperglycemia in castrated rabbits following 
the injection of diuretics. In some cases the sugar level rose to 2.8 and 3.2 
grams per 1,000 c.c. of blood the second hour after injection. The blood 
sugar levels were normally high. 
Abderhalden (1) gave the values of 2.8 milligrams of inorganic phos-
phorus and 8.3 milligrams of calcium per 100 c.c. of plasma for the rabbit. 
The Blood of Farm Animals 
The study of the chemical composition of the blood of farm animals has 
received but slight consideration from investigators. 
Horses. Scheunert and Pelchrzim (137) reported the results of obser-
vations of blood constituents on seven normal horses ranging from 4 to 15 
years of age. The blood sugar varied between 76.9 and 200 milligrams, with 
an average of 138.5 milligrams per 100 c.c.; the rest nitrogen (probably 
total non-protein nitrogen), between 21.4 and 30 milligrams, with an aver-
age of 29 milligrams per 100 c.c.; the urea nitrogen between 7.5 and 15 
milligrams, with an average of 9.64 milligrams per 100 c.c.; the creatinine 
between 1.2 and 1.7 milligrams, with an average of 1.27 milligrams per 100 
e.c.; the creatine plus creatinine between 5.0 and 6.6 milligrams, with an 
average of 5.9 milligrams per 100 c.c. of blood. 
Scheunert and Bartsch (136) reported that the normal or average 
daily worl,r did not affect the content of horses' blood in sugar, rest nitrogen, 
ammonia nitrogen, creatinine and creatine plus creatinine. The carbon 
dioxide combining power as a rule increased. 
Holt and Reynolds (89) reported observations on the blood constitu-
ents of a large number of normal horses, with the following results: The 
average for hemoglobin from 136 cases was 88.2 per cent, with a variation 
between 70 and 98 per cent. The average of 141 determinations for blood 
sugar was 0.109 per cent, with a variation between 0.078 and 0.37 per cent. 
Urea nitrogen averaged 14.81 milligrams per 100 c.c. of blood for 141 de-
terminations and varied between 7.5 and 25.0 milligrams. Non-protein 
nitrogen averaged 25.82 milligrams per 100 c.c. of blood for 141 determina-
tions and varied between 16.5 and 42.58 milligrams. Uric acid averaged 
2.76 milligrams per 100 c.c. of blood for 138 determinations and varied be-
tween 1.76 and 6.66 milligrams. Creatinine averaged 1.4 milligrams per 
100 c.c. of blood and varied between 0.9 and 3 milligrams. 
Holt and Reynolds continued observations on the blood of horses in 
eight cases of disease, with the following results : One case of laminitis 
showed 0.136 per cent of blood sugar, 12.0 milligrams of urea nitrogen, 
23.62 milligrams of non-protein nitrogen, 3.84 milligrams of uric acid and 
2.1 milligrams creatinine per 100 c.c. of blood. Another case of laminitis 
showed 65 per cent of hemoglobin, 0.115 per cent of blood sugar, 16.65 
milligrams of urea nitrogen, 23.1 milligrams of non-protein nitrogen, 3.91 
milligrams of uric acid and 2.1 milligrams of creatinine per 100 c.c. of 
blood. A case of periodic ophthalmia showed 81 per cent of hemoglobin, 
0.136 per cent of sugar, 18.68 milligrams of urea nitrogen, ·20.0 milligrams 
of non-protein nitrogen, 6.25 milligrams of uric acid and 2.8 milligrams of 
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creatinine per 100 c.c. of blood. A case of ophthalmia showed 83 per cent 
of hemoglobin, 0.1 per cent of sugar, 12.5 milligrams of urea nitrogen, 17.14 
milligrams of non-protein nitrogen, 5.0 milligrams of uric acid and 3.0 milli-
grams of creatinine per 100 c.c. of blood. A case of strangles showed 84 
per cent of hemoglobin, 0.093 per cent of sugar, 12.0 milligrams of urea 
nitrogen, 27 .27 milligrams of non-protein nitrogen, 6.0 milligrams of uric 
acid and 1.1 milligrams of creatinine per 100 c.c. of blood. A case of derma-
titis showed 80 per cent of hemoglobin, 0.084 per cent of sugar, 12.5 milli-
grams of urea nitrogen, 19.98 milligrams of non-protein nitrogen, 2.0 milli-
grams of uric acid and 1.0 milligram of creatinine per 100 c.c. of blood. A 
case of rhinitis showed 88 per cent of hemoglobin, 0.07 per cent of sugar, 
8.82 milligrams of urea nitrogen, 30.0 milligrams of non-protein nitrogen, 
2.35 milligrams of uric acid and 1.7 milligrams of creatinine per 100 c.c. of 
blood. A case of chronic articular rheumatism showed 82 per cent hemo-
globin, 0.10 per cent of sugar, 10.0 milligrams of urea nitrogen, 20.0 
milligrams of non-protein nitrogen, 2.66 milligrams of uric acid and 1.2 
milligrams of creatinine per 100 c.c. of blood. 
The values of these constituents in the diseased animals are within the 
range of variation for normal animals. 
Hayden and Fish (82) report 102.9 milligrams of sugar per 100 c.c. of 
blood for the horse, 18.7 milligra s of urea (undoubtedly urea nitrogen) . 
Three readings of horse blood averaged 0.69 milligrams of uric acid per 100 
c.c. of blood, total non-protein nitrogen 33.9 milligrams per 100 c.c., and pre-
formed creatinine 1.81 milligrams per 100 c.c. of blood. In this report they 
state that there is some evidence to indicate that seasonal conditions may 
modify the results. 
Clark ( 38) gave figures for the calcium content in horse plasma de-
termined by direct precipitation as calcium oxalate and titrated against 
0.01 N potassium permanganate. These figures recalculated in terms of 
milligrams ranged from 9.9 to 12.3 milligrams, with an average of 11.26 
per 100 c.c. of plasma. 
Rona and Takahashi (134) found that under ordinary circumstances 
horse serum contained about 12 milligrams of calcium per 100 grams of 
blood. 
Folin and Denis ( 58) reported 0.05 milligrams of uric acid, 54 milli-
grams of non-protein nitrogen, and 28 milligrams of urea nitrogen per 100 
grams of blood for the horse. 
Brocq-Rosseau, Roussel and Gallot (28) estimated the urea in the 
blood of 33 horses. The average value was 0.314 grams per liter, ranging 
from 0.165 to 0.453 grams. Determinations were also made before and after 
the injection of six liters of fluid, and they found that the content of urea 
in the blood was quite independent of the amount of fluid or concentra-
tion of the blood. 
Schwarz ( 138) found the average value for blood sugar in the horse 
ranged between 0.062 and 0.120 per cent. In 26 per cent of the cases the 
values were between 0.062 and 0.082 per cent. In 46 per cent of the cases 
the values were between 0.083 and 0.102 per cent. In 27 per cent of the 
cases the values were between 0.103 and 0.120 per cent. He found that sex 
had no influence. 
Abderhalden (1) reported 7.9 milligrams of calcium and 3.3 milligrams 
of inorganic phosphorus per 100 c.c. of serum for the horse. 
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Cattle. Scheunert and Pelchrzim (137) reported the results of deter-
minations of the blood constituents of ten cows in different stages of lac-
tation and pregnancy. The blood sugar varied between 62.5 and 100 milli-
grams, with an average of 76.65; the r est nitrogen (non-protein nitrogen ) 
varied between 26.3 and 39.4 milligrams, with an average of 28.74; the urea 
nitrogen values were between 10.5 and 23.7 milligrams, with an average of 
18.09 milligrams per 100 c.c.; the creatinine values were between 1.4 and 
1.8 milligrams, with an average of 1.61 milligrams per 100 c.c.; and the 
creatine plus creatinine varied between 5.7 and 10.4 milligrams, with an 
average of 7.71 milligrams per 100 c.c. of blood. They stated that preg-
nancy and lactation in its various stages had no significant influence on the 
blood constituents. 
Hayden and Fish (82) studied the composition of the blood of cows. 
Sixty-eight sugar determinations were made. The lowest reading was 30 
milligrams, the highest was 70, and the average was 46.52. The average was 
slightly lower for dry cows than for milch cows. 
Sixty-seven urea (nitrogen) determinations were made upon the blood 
of cows. The values were between 5.3 and 27 milligrams, with an average 
of 12.21 milligrams per 100 c.c. Seventy-three determinations of uric acid 
in the blood of cows were made by the Folin direct method. These averaged 
2.04 milligrams per 100 c.c. of blood. Thirty-three readings of uric acid 
were made by the isolation method of Folin, which gave an average of 
0.623 milligrams per 100 c.c. of blood. 
A range of values between 25 and 35 milligrams of total non-protein 
nitrogen per 100 c.c. was given by these authors for the blood of the cow. 
Preformed creatinine gave readings similar to those of human blood, 1 to 2 
milligrams per 100 c.c. 
Anderson, Gayley and Pratt (3) reported analyses of 59 samples of 
blood taken from the dairy herd of the Pennsylvania State College. The 
animals included calves and adults of various ages and breeds. The animals 
received the regular ration used for the dairy herd. The blood samples 
were taken during the late summer, fall and winter and no attempt was 
made to study seaso;nal variations. 
H emoglobin, expressed as percentage normal, gave values ranging from 
70.3 to 121.7 per cent. The average value was 92.9 per cent for 29 analyses. 
The hemoglobin content appeared to be higher in animals less than one 
month of age. 
Their figures for non-protein nitrogen from 50 determinations ranged 
from 20.67 to 42.14 milligrams, with an average of 30.07 milligrams per 
100 c.c. of blood. Fifty estimations for urea nitrogen gave an average of 
12.94 milligrams per 100 c.c. of blood, with minimum and maximum values 
of 4.4 milligrams and 21.64 milligrams, respectively. 
Fifty-nine determinations of uric acid, using the direct method of Bene-
dict, gave an average of 2.08 milligrams per 100 c.c. of blood, with values 
ranging from 1.5 to 3.22 milligrams. . 
Anderson and his co-workers found an average of 4.3 milligrams of 
creatine per 100 c.c. of blood, with values ranging from 2.49 to 7.78. From 
fifty-nine determinations for creatinine they obtained an average of 1.42 
milligrams per 100 c.c., with values ranging from 1.19 to 1.94. The sugar val-
ues, for fifty-eight determinations, ranged between 43.2 and 14.2 milligrams, 
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with an average of 84.1 milligrams per 100 c.c. of blood. The blood sugar 
values decreased as the age of the animal increased. 
From twenty analyses for inorganic phosphorus Anderson, Gayley and 
Pratt obtained an average of 4.46 milligrams per 100 c.c. of serum, with 
values ranging from 3.09 to 6.17 milligrams per 100 c.c. Their results for 
calcium gave an average of 12.63 milligrams per 100 c.c. of serum for 
fifty-five analyses, ranging from 9.96 to 16.18 milligrams per 100 c.c. They 
noted no significant differences in the calcium content of young and mature 
animals. 
Folin and Denis ( 57) reported 2 milligrams of creatinine and 11 milli-
grams of creatine plus creatinine per 100 c.c. of beef blood. Greenwald and 
McGuire ( 68), using Folin 's method, obtained an average of 2.57 milli-
grams of creatinine for oxalated beef blood and 9.81 milligrams of creatine 
plus creatinine. By using another method they obtained a value of 1.61 
milligrams for creatinine and 2.8 milligrams for creatine. 
Robinson and Huffman (131) reported the analyses of more than one 
hundred samples of blood from normal mature cattle. The inorganic phos-
phorus ranged from 3 to 8.99 milligrams per 100 c.c. of serum, with an 
average of 5.87. The maximum 24 hour variation was 1.87 milligrams. Cal-
cium values ranged from 7.7 to 14.J milligrams, with an average of 11 
milligrams per 100 c.c. of serum. 'The maximum variation for 24 hours was 
2 milligrams. 
Hart and co-authors (80) reported that the calcium content of the 
blood of milking cows was high during a period of feeding timothy hay 
when the calcium losses were greatest. The calcium content was between 20 
and 25 milligrams per 100 c.c. of serum. When alfalfa was fed the calcium 
dropped to approximately 10 milligrams per 100 c.c. of serum, but rose to 
16 milligrams during the period that timothy hay and bone meal were fed. 
Inorganic phosphorus was low, 2.57 milligrams per 100 c.c. of serum, dur-
ing the timothy hay period, but was considerably higher, with an average 
of 4.62 milligrams, in alfalfa and timothy hay plus bone meal periods. 
Meigs, Blatherwick and Cary (112) reported 47 determinations of in-
organic phosphorus on cows which averaged 5.3 milligrams per 100 c.c. of 
serum and ranged from 3.8 to 8.8 milligrams per 100 c.c. They reported an 
average of 9.6 milligrams of calcium per 100 c.c. of serum in pregnant 
cows not lactating and 9.8 milligrams in lactating cows not pregnant. 
· Folin and Denis ( 58) reported determinations of constituents of mixed 
beef blood giving the following values: uric acid 0.2 milligrams, non-pro-
tein nitrogen 24 milligrams, and urea nitrogen 14 milligrams per 100 grams 
of blood. They ( 57) reported 2 milligrams of creatinine and 11 milligrams 
of creatine plus creatinine in beef blood. 
Benedict ( 13), employing the method described by him ( 12), found 
an average value of 0.5 milligrams of uric acid per 100 c.c. of defibrinated 
fresh ox blood, based upon the analyses of seven samples of mixed blood. 
The highest value obtained was 0.67 and the lowest 0.41 milligram. He 
pointed out that uric acid determined by this method was ''free'' uric acid 
and that this was only a small fraction of the uric acid present. The re-
mainder existed in a ''combined form'' from which it was easily set free by 
hydrolysis with acid. Davis and Benedict ( 42) have shown that the uric 
acid is combined with a pentose. After hydrolysis of a protein-free blood 
filtrate, Benedict (13) obtained values as high as 6.7 milligrams per 100 
c.c. of blood. 
• 
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Newton and Davis (123) showed that the combined uric acid in beef 
blood was contained in the erythrocytes. They found also evidences of the 
presence of combined uric acid in the blood of the human, horse, sheep, pig, 
dog and chicken. The quantity in beef blood far exceeded that in any other 
animal blood studied. Next in quantity would appear to be that of human 
blood. 
Hewitt (86) found that the blood sugar concentration was decidedly 
higher in heifers and non-lactating cows than in lactating cows. Evidence 
was found that extremely high blood sugar levels may have been correlated 
with oestrum in heifers. 
Schwarz ( 138) found that the average value of blood sugar in normal 
cattle was 0.082 per cent, with values between 0.044 and 0.177 per cent. 
Awdejewa, Prowatorowa and Sawitsch (6) found that the blood sugar 
in nursing cows had a low level. Carbohydrate feeds did not increase the 
blood sugar. The variations of the blood sugar content in the same animal 
on different days were as significant as the variations between various ani-
mals on the same day. The low sugar content and the variations were not 
dependent upon milking. 
Richter ( 130) found that if the feeding was regular and constant, and 
the blood always taken in the same manner, the blood sugar level in milch 
cows showed no daily variation. The nearly absolute value which in gen-
eral was obtained in milch cows was lower than in dry cows. 
Richter found in the bovine no increase in blood sugar value after 
feeding, as reported by Schwarz and Hemp (139) in dogs. The reason was 
that under normal conditions the stomach was never empty. The taking of 
food had no influence on the absorption from the intestine as long as food 
was contained at the normal level in the forestomachs. 
Aberhalden (1) gave 2.7 milligrams as the value for inorganic phos-
phorus and 7 .9 milligrams for calcium per 100 c.c. of serum for the ox. 
Horveth and Little (90) studied the blood composition in broncho-
pneumonia of cows. They found the non-protein nitrogen higher when the 
process in the lungs was not completely healed, and reached a normal level 
during recovery. They stated that high non-protein nitrogen and creatinine 
were symptoms of secondary kidney involvement. 
Sheep. Scheunert and Pelchrzim (137) reported the following values 
for certain constituents in the blood of sheep. Sugar ranged from 50.9 to 
88.9 milligrams per 100 c.c. of blood, with an average of 65.6 milligrams 
per 100 c.c. for sixteen determinations. Rest nitrogen averaged 28.5 milli-
grams, ranging from 21.8 to 42.9 milligrams per 100 c.c. for sixteen deter-
minations. Urea nitrogen averaged 11.8 milligrams per 100 c.c. of blood for 
sixteen determinations with a range from 7 .5 to 23.1 milligrams. Five de-
terminations of creatinine averaged 1.26, varying between 1.2 and 1.3 
milligrams. Five determinations of creatine plus creatinine averaged 4.14 
milligrams, ranging from 3.8 to 5.3 milligrams per 100 c.c. of blood. 
Fo.lin and Denis (58) reported 0.05 milligrams of uric acid, 31 milli-
grams of non-protein nitrogen, and 13 milligrams of urea nitrogen per 100 
c.c. in the mixed blood of sheep. They (57) reported 1.2 milligrams of 
creatinine and 9 milligrams of creatine plus creatinine per 100 c.c. in 
blood of sheep. 
Aberhalden (1) gave values of 8.4 milligrams of calcium and 3.2 milli-
grams of inorganic phosphorus per 100 c.c. of serum for sheep. 
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Swine. Hayden and Tubangui ( 83) made determinations on the blood _.,-
of swine, some of the blood samples having been collected at the time of 
slaughter and some from immunized pigs by tail bleeding. 
The total non-protein nitrogen averaged 35.0 milligrams per 100 c.c. 
of blood for fourteen determinations, with variations between 30.6 and 
38.3 milligrams. Urea nitrogen averaged 19.6 milligrams per 100 c.c. of 
blood for fourteen determinations and ranged between 15.6 and 27.3 
milligrams. The uric acid readings averaged 2.06 milligrams per 100 c.c. 
of blood for fourteen determinations, with minimum and maximum read-
ings of 1.73 and 2.5 milligrams respectively. Ceratinine averaged 1.42 milli-
grams per 100 c.c. of blood for twenty determinations, ranging from 1.14 
to 2.00 milligrams. Sugar averaged 90.1 milligrams per 100 c.c. of blood 
for twenty determinations and ranged between 76 and 109 milligrams. 
Scheunert and Pelchrzim ( 137) reported the determinations of certain 
blood constituents of a group of swine consisting of five males and ten 
females. The average weight for the group was 251 pounds. The averages 
for the blood constituents in milligrams per 100 c.c. of blood were as fol-
lows: sugar 92.38, rest nitrogen 31.1, urea nitrogen 15.38, creatinine 1.78, 
and creatine plus creatinine 6.32. 
Scheunent and Pelchrzim (137) found no uric acid in the blood of 
swine. . .. 
Folin and Denis ( 58) gave the following values for uric acid, total non-
protein nitrogen and urea nitrogen per 100 grams of mixed blood of swine: 
uric acid 0.05 milligram, non-protein nitrogen 32 milligrams, and urea 
nitrogen 14 milligrams. They (57) reported 1.3 milligrams of creatinine 
and 9 milligrams of creatine plus creatinine per 100 c.c. of the blood of 
the pig. 
Greenwald and McGuire ( 68), using Folin 's method, reported two de-
t erminations of creatinine in pig's blood of 4.18 and 2.8 milligrams per 100 
c.c. of blood, respectively, and for creatine plus creatinine 6.44 and 9.1 
milligrams per 100 c.c. of blood, respectively. 
·Roderick and Schalk (132) made determinations of non-protein nitro-
gen, urea (nitrogen) and sugar in the blood of apparently normal hogs. 
Eight determinations of non-protein nitrogen gave an average value of 41.5 
milligrams per 100 c.c. of blood, ranging between 28 and 49.9 milligrams. 
Urea (nitrogen) ranged between 11 and 23.4 milligrams per 100 c.c. of 
blood, with an average value of 17 .3 milligrams for twelve determinations. 
Sugar ranged between 70 and 135 milligrams, with an average of 85.7 milli-
grams per 100 c.c. of blood for twelve determinations. 
Aberhalden (1) gave values of 2.3 milligrams for inorganic phosphorus 
and 8.7 milligrams for calcium per 100 c.c. of serum for swine. 
Buell ( 30), in studying the effect of hemorrhage on the alkaline reserve 
in the blood of pigs, noted that the total nitrogen content of the blood al-
ways fell immediately after hemorrhage. There was a distinct tendency for 
the urea nitrogen and the non-protein nitrogen to rise. 
; Carlson and Drennan (34) stated that the normal pig had a lower 
tolerance for dextrose, bread or cooked starch, given by mouth, than any 
species studied. A normal pig weighing 8 to 10 kilos showed marked ali-
mentary glycosuria when given 2.5 grams of dextrose, and on an empty 
stomach the lack of tolerance seemed to border on the pathological. This 
lack of tolerance was due to failure of adjustment of the rate of absorption 
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to the rate of fixation or storage of sugar. They stated that this condition 
in the pig must lead to a waste of calories in proportion to the quantity of 
bread or cooked starch fed. 
Shope (142) found that the distribution of sugar between corpuscles 
and plasma varied with the species. Using a limited number of animals in 
each species he found the following average values for the percentage of 
total sugar in the corpuscles: swine 24 per cent, guinea pigs 48 per cent, 
cattle 30 per cent, rabbits 20 per cent, man 49 per cent. 
Hayden and Tubangui ( 83) compared the average of their results for 
the determintaion of blood constituents in milligrams per 100 c.c. of blood 
with the results of Folin and Denis, Benedict, Greenwald, and Greenwald 
and McGuire. Folin and Denis obtained the following averages: for cattle 
blood, total non-protein nitrogen 24, urea 14, uric acid 0.20, creatinine 2.0 
and sugar 96; for horse blood, total non-protein nitrogen 54, urea 28, uric 
acid 0.05 and sugar 106; for sheep blood, total non-protein nitrogen 28, urea 
13, uric acid 0.05, creatinine 1.2, sugar 105; for swine blood, total non-pro-
tein nitrogen 32, urea 14, uric acid 0.05, creatinine 1.4 and sugar 97.1. 
Greenwald obtained 32 milligrams of total non-protein nit rogen as the aver-
age for cattle blood and 27 milligrams of total non-protein nitrogen for 
sheep blood. Benedict obtained 0.5 milligrams of uric acid in cattle blood. 
Greenwald and McGuire obtained 1.9 milligrams of creatinine as the aver-
age for cattle blood, 1.08 for sheep blood and 2.2 for swine blood. Hayden 
and Tabangui obtained the following averages: for cattle blood, total non-
protein nitrogen 51, urea 18.8, uric acid 2.12, creatinine 1.84 and sugar 96 ; 
for horse blood, total non-protein nitrogen 34, urea 17.8, uric acid 2.45, 
creatinine 1.8 and sugar 106; for sheep blood, total non-protein nitrogen 32, 
urea 17 .8, uric acid 1.82, creatinine 1.26 and sugar 105 ; for swine blood, 
total non-protein nitrogen 19.6, uric acid 2.06, creatinine 1.42 and sugar 
97.l. 
Scheunert and Pelchrzim (137) have arranged in milligrams per 100 
c.c. the result of their determinations of certain blood constituents on vari-
ous animals, including results obtained from human blood by various inves-
tigators. Human blood gave the following values: sugar 77-119, rest nitro-
gen 24-43, urea nitrogen 10-22, total creatinine 5.3-6.7, creatinine 1.2-2.5, 
uric acid 1-4.2. Scheunert and Pelchrzim made determinations on the blood 
of several animals. Seven determinations on two dogs gave the following 
values: sugar 89-111, rest nitrogen 22.2-32.4, urea nitrogen 11.5-16.7, total 
creatinine 3.8-4.1, creatinine 1.2-1.5. Sixteen determinations on four sheep 
gave the following values: sugar 51.1-89.9, rest nitrogen 21.8-42.9, urea 
nitrogen 7.5-23.1, total creatinine 3.9-5.3, creatinine 1.2-1.3. Ten determina-
tions on five head of cattle gave the following values: sugar 62.5-100, rest 
nitrogen 23.8-39.4, urea nitrogen 10.5-23.7, total creatinine 5.7-10.5, creatin-
ine 1.4-1.7. Seven determinations on seven horses gave the following val-
ues: sugar 83.3-200, rest nitrogen 21.4-30, urea nitrogen 7 .5-15, total 
creatinine 5-6.6, creatinine 1.2-1.7. Fifteen determinations on fifteen head 
of swine gave the following values: sugar 80-106.7, rest nitrogen 25-40, urea 
nitrogen 10-18.8, total creatinine 5.1-8.7, creatinine 1.7-1.9. 
" The Blood of Cholera-infected Swine. The only reference that could 
be found pertaining to the constituents of the blood in hog cholera, was 
that of Roderick and Schalk (132) in which they record the results of a 
series of analyses on the blood of apparently normal and of cholera-infected 
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hogs. The blood was secured usually by aspiration from the heart and the 
determinations were made according to the methods of Folin. 
They stated that the blood of cholera-infected pigs drawn at various 
stages of the disease was often normal so far as the non-protein nitrogen 
was concerned. Other samples of blood showed moderate evidences of nitro-
geneous retention. It did not appear that any particular stage of the dis-
ease was more prone to show retention than others. No abnormal amounts 
of blood sugar were found. 
Roderick and Schalk divided the cholera-infected bloods into two 
groups, one group which showed no retention of nitrogen and one group 
which showed appreciable nitrogen retention. 
In the group that showed no retention of nitrogen, fifteen determina-
tions gave an average value of 39.4 milligrams of non-protein nitrogen per 
100 c.c. of blood, with values ranging from 30 to 48 milligrams per 100 c.c. 
Sixteen determinations of urea nitrogen ranged from 13 to 25.4, with an 
average value of 16.5 milligrams per 100 c.c. of blood. Fifteen determina-
tions of sugar gave an average of 88.4 milligrams, with values ranging from 
71 to 122 milligrams per 100 c.c. of blood. 
In the group that showed appreciable retention of nitrogen consisting 
of ten analyses, the non-protein nitrogen showed an average of 65.5 milli-
grams, with values between 51 an 88 milligrams per 100 c.c. of blood. Urea 
nitrogen showed an average of 33.9 milligrams and ranged between 19.3 
and 55.0 milligrams per 100 c.c. of blood. Sugar averaged 82.7 milligrams, 
ranging between 52 and 112 milligrams per 100 c.c. of blood. 
These writers ( 132) state that, "The degree of retention occasionally 
encountered in this work does not compare with that in uremia in man. 
Glomerulonephritis and contracted kidneys are rare in animals. The injury 
to the kidney in hog cholera usually is a nephrosis and while acutely swollen 
kidneys are occasionally encountered they are not common. The retention 
of the nitrogeneous metabolites in nephrosis is not a striking characteristic 
of that type of kidney injury. The hemorrhages in the hog cholera kidney 
are often interstitial although the presence of blood and hemoglobin in the 
urine are referable to glomerular injury and hemorrhage. The fact that the 
tubular epithelium is mainly involved suggests that the virus of hog cholera 
is toxic in the nature of its injury.'' 
They concluded from this phase of their studies that the carbohydrate 
and nitrogenous metabolism in hog cholera showed little alteration. The 
degree of nitrogen retention found at times was explained by the nephrosis 
which seemed to be the chief form of kidney injury in addition to the 
hemorrhage. 
MATERIALS AND MEHTODS 
ANIMALS USED 
The normal blood samples were obtained from pigs of various sources 
and localities. It was necessary to depend upon several departments of the 
University of Minnesota and Iowa State College as well as the Experi-
ment Station of the United States Bureau of Animal Industry and com-
mercial institutions for the material used in these studies. It was not pos-
sible to adequately control numerous factors that probably influenced the 
concentration of certain of these constituents in the blood of swine. How-
ever, the large number of animals studied would tend to offset the lack of 
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control. The work was begun a number of years ago as the accumulation of 
data was slow. 
Minnesota Swine 
Thirty-five of the blood samples studied were secured from pigs which 
were purchased from the stock yards at South Saint Paul, and brought to 
the University Farm to be used in other experimental work. Oppor-
tunity was given to collect blood from these animals before they were 
subjected to any experimental procedure. Four blood samples were ob-
tained from animals that were slaughtered at the Midway abattoir in Saint 
Paul. Five blood samples were obtained from pigs slaughtered at one of 
the packing houses in South Saint Paul. Three animals were loaned to the 
Veterinary Division for this study by the Animal Husbandry Division at 
University Farm. Four chemical analyses were made on the blood of each 
of these animals. 
Iowa Swine 
Blood samples were obtained from four pigs owned by the Department 
of Veterinary Research, Iowa State College. Fifty-four blood samples were 
obtained from pigs that were slaughtered at the Iowa State College abat-
toir. These pigs were raised on farms near Ames, Iowa. One blood sample 
was obtained from a female pig two years of age which was owned by the 
Department of Veterinary Research and slaughtered at the Iowa State 
College abattoir. 
The weights of these pigs varied. In a number of cases accurate weights 
were obtained, while in others the weights were estimtaed. The pigs ranged 
in weight from 50 to 300 pounds. One female two years of age weighed 415 
pounds. It was impossible to obtain accurate data in regard to the age of a 
great number of these animals. 
The samples of cholera-infected blood were obtained at the time of 
slaughter from pigs that had been injected with hog cholera virus six to 
twelve days previous. These animals weighed between 40 and 90 pounds 
each. After the blood was drawn the animals were autopsied to confirm the 
diagnosis of hog cholera. Eight of the cholera-infected blood samples were 
obtained from pigs that belonged to the Department of Veterinary Re-
search, Iowa State College. Nineteen of the blood samples were taken from 
animals that were the property of the Experiment Station of the United 
States Bureau of Animal Industry located at Ames, Iowa. Twenty-seven 
of the blood samples were obtained from pigs that belonged to the plant of 
the Fort Dodge Serum Company of Fort Dodge, Iowa. 
BLOOD SAMPLES 
The technique for the methods used in this paper was acquired chiefly 
in the laboratories of the Department of Physiology of the Medical School, 
University of Minnesota, using the blood of various laboratory animals. The 
details for the procedures of the various analyses are described in standard 
texts dealing with blood analysis. 
The data reported in this paper were accumulatd over a considerable 
period of time. Blood samples were obtained from forty-two of the normal 
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animals by tail bleeding. The remaining blood samples were obtained 
when the animals were killed by throat bleeding. Usually between 50 and 
70 c.c. of blood were collected from each animal. Sixty milligrams of 
sodium citrate per 10 c.c. of blood were used to prevent coagulation. It was 
found after several trials that swine blood required about three times as 
much anticoagulant as did bovine or equine blood. Sodium citrate was 
chosen as the anticoagulant instead of potassium oxalate, because serum 
was obtained from the same samples for calcium determinations. Two cubic 
centimeters of 20 per cent solution of sodium citrate were introduced into 
each collecting tube and evaporated to dryness. The evaporating solution 
spattered, and in drying formed a coating of citrate on the wall of the tube. 
In the chemical examination of blood, potassium oxalate is most fre-
quently used as an anticoagulant. It is the general impression that sodium 
citrate should not be used for the reason that it supposedly interferes with 
deproteinization, especially when tungstic acid is used as the protein pre-
cipitant. It is further claimed that the citrate interferes with the deter-
mination of uric acid (81, p. 367). 
Leiboff and Witchell ( 106) studied the effects of potassium oxalate and 
of sodium citrate upon some of the chemical constituents of the blood. They 
reported no difficulty in obtaining clear filtrates in the presence of citrate, 
using tungstic acid as the protein precipitant. In this respect the citrate 
and the oxalate behaved alike. 
They made the following determinations on blood filtrates; non-pr9tein 
nitrogen by the method of Koch and McMeekin (102); urea nitrogen by 
the method of Folin and Denis ; uric acid by the method of Folin ( 5 2, 49) ; 
creatinine by the method of Folin (52); sugar by the method of Folin and 
Wu (62). 
The citrate not only did not interfere with the determination of uric 
acid, but was superior to the oxalate, as some of the tubes containing oxa-
late became very cloudy on adding the reagents and little color developed. 
All the tubes containing citrate, even those containing the largest amounts, 
remained clear and developed a good color. 
As for the other constituents determined, in the presence of excess 
citrate the non-protein fraction was somewhat increased, while the amount 
of sugar was somewhat decreased. Practically, this was of no significance 
since the amount of citrate necessary to produce such faulty results was 
far in excess of the amount necessary to prevent coagulation. 
It is obvious that oxalated blood cannot be used for the determination 
of calcium. Sodium citrate forms soluble non-ionizable calcium citrate and 
is the ideal anticoagulant in making calcium determinations. Portions of a 
number of the blood samples were used for determining the volume per-
centage of corpuscles. Small portions were also used for the hemoglobin 
determinations. 
Fifteen cubic centimeters of blood from each sample was used in the 
preparation of the protein-free filtrate which was prepared according to 
the method of Folin and Wu ( 61; 49, p. 237; 81, p. 367). The total proteins 
of the blood were removed by precipitation with tungstic acid (formed by 
the interaction of sodium tungstate and sulphuric acid) and filtration. A 
clear filtrate was obtained in every instance. Such a filtrate is suitable for 
the determination of non-protein nitrogen, urea, uric acid, creatinine 
creatine, amino acids, chlorides and sugar. 
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DETERMINATION OF THE BLOOD CONSTITUENTS 
Total non-prote!n nitrogen was determined in a portion of each blood 
filtrate by a micro-Kjeldahl method, using a sulphuric acid and phosphoric 
acid mixture for the digestion, the nitrogen being determined colorimetric-
ally after direct Nesslerization of the digestion mixture according to the 
Folin-Wu method (61; 49, p. 233; 81, p. 368). 
Most of the urea nitrogen determinations were made by the Folin-Wu 
adaptation (61; 49, p. 237; 81, p. 370) of the Marshall method (110), in 
which the urea was decomposed to ammonium carbonate by the enzyme 
urease in the presence of phosphate. The ammonia was driven off by aera-
tion and determined colorimetrically after N esslerization. The urea was 
calculated by multiplying the urea nitrogen by the factor 2.15. 
A few of the urea nitrogen determinations were made by Karr's 
method (100; 81, p. 373). The urea in the filtrate was converted by urease 
to ammonium carbonate, which was Nesslerized and compared colorimetric-
ally with a standard urea solution similarly treated. 
'l'he uric acid determinations made on the blood obtained from pigs in 
Minnesota were performed according to the Folin-Wu adaptation (61) of 
the Folin-Denis method ( 54), in which the uric acid was isolated from the 
blood filtrate as the silver salt before being determined colorimetrically. 
The uric acid determinations made on the blood obtained from pigs in . 
Jowa were performed according to the Folin direct method (52) or Folin-
Benedict method ( 49, p. 247; 81, p. 378), in which the phosphostungstic 
acid solution was reduced by the uric acid directly in the blood filtrate, 
giving a blue compound the uric acid of which was estimated colorimetric-
ally. 
The creatinine determinations were made by the Folin-Wu adaptations 
(61; 49, p. 243; 81. p. 375) of the Folin method (51), in which a portion 
of the blood filtrate was treated with alkaline picrate solution and the color 
which was developed compared with that of a standard in a colorimeter. 
Creatine plus creatinine was determined by the method described by 
Folin and Wu ( 61; 49, p. 245; 81, p. 376), in which the creatine of the 
blood filtrate was transformed to creatinine by heating with dilute hydro-
chloric acid in an autoclave. The creatinine preformed and that from 
creatine was then determined by treating with alkaline picrate solution and 
the color developed compared with that of a standard in a colorimeter. 
The sugar was determined by the Folin-Wu method (62; 81, p. 381), 
in which the protein-free blood filtrate was heated with alkaline copper 
solution, using a special "Folin-Wu sugar tube" to prevent reoxidation. 
The cuprous oxide formed was treated with a molybdate phosphate solution, 
a blue color being obtained, which was compared to that of a standard. 
Several modifications such as described by Folin ( 48) and Benedict ( 8, 9) 
were tried, but it was decided that the Folin-Wu method yielded the best 
i·esults. 
The serum from a portion of individual blood samples was separated 
from the corpuscles by centrifugalization and the serum obtained was used 
for the inorganic phosphorus and calcium determinations. 
The inorganic phosphorus was determined by the Briggs modification 
(24) of the Bell-Doisy method (7), which depended upon the phosphate 
reacting with ammonium molybdate to form ammonium phosphomolybdate. 
The latter was reduced by hydroquinone in carbonate sulfite solution to a 
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blue compound which was compared in a colorimetric to a standard phos-
phate solution treated in the same manner. 
The calcium was determined by the Clark-Collip modification (37) of 
the Kramer-Tisdall method ( 105), in which the calcium was precipitated 
directly from the serum as calcium oxalate. The calcium oxalate crystals 
were dissolved in normal sulphuric acid and titrated with one-hundredth 
normal potassium permanganate to a definite pink color, which should 
persist for at least one minute. A special micro-burette, with a scale inter-
val of one-fiftieth of a cubic centimeter, was used for this titration. 
In general, the determinations were made in duplicate and the colori-
metric readings were checked against each other. 
The blood filtrates were prepared as soon after the blood was drawn 
from the animal as they could be transported to the laboratory. Several 
days were required to make a complete analysis of each blood sample. Dur-
ing this period the blood filtrate was kept in an ice box. In some cases one 
or two drops of 10 per cent thymol in chloroform were added to the blood 
filtrate as a preservative. 
The erythrocyte counts, volume percentage of corpuscles, hemoglobin 
determinations, leucocyte counts and differential counts are considered in 
Part II of this paper. 
·"' RESULTS 
THE BLOOD OF NORMAL SWINE 
Determinations were made of certain constituents of the blood of 
ninety-nine normal pigs that ranged in weight from 50 to 300 pounds. In 
addition, an analysis was made of the blood of a female pig two years old 
weighing 415 pounds. 
The data resulting from these determinations are arranged in groups, 
in some cases according to the orig·in and in others according to the weight 
of the pigs. 
In general, it can be said that the pigs from which these blood analyses 
were made were kept under the prevailing standard conditions of the farm. 
It is the common custom on farms to allow pigs to feed from self feeders, 
so that the animals consume as much food as their appetites dictate. 
The results for the determinations of the blood constituents for the in-
dividual animals are recorded in tables in the original thesis, complete 
copies of which are in the Library of the University of Minnesota and the 
fobrary of Iowa State College. 
Summary and treatment of the data for the concentration of the blood 
constituents secured from normal swine are recorded in tables 1 to 45, 
inclusive. 
Minnesota Swine 
Group 1 consists of twenty-six normal pigs, four to five months 
of age, which were purchased from the stockyards at South Saint Paul 
in 1921. These pigs were brought to the Veterinary Division, Univer-
sity Farm, and immunized against hog cholera by the serum virus 
method, then kept for a twenty-one day quarantine period before blood 
samples were taken. During this period they were fed a ration consisting 
of corn, oats, red dog flour and tankage. The pigs were fed just enough 
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of these food stuffs to keep them at about a constant weight. The pigs 
averaged about 100 pounds in weight. The blood was obtained by tail 
bleeding. 
Determinations of total non-protein nitrogen, creatinine and the creat-
ine plus creatinine were made. The creatinine nitrogen and the percentage 
of the total non-protein nitrogen which the creatinine nitrogen represented 
was calculated. 
Group 2 consists of four normal pigs that were purchased from the 
stock yards of South Saint Paul in August, 1928. They were brought to the 
University Farm and fed, a ration which consisted of shelled corn and a pro-
tein mixture consisting of equal parts of tankage and linseed meal. The 
blood samples were obtained by tail bleeding. 
The urea was calculated from the urea nitrogen, the uric acid nitrogen 
was calculated from the uric acid and the creatinine nitrogen was calcu-
lated from the creatinine. The percentages of the total non-protein ntirogen 
which the urea nitrogen, uric acid nitrogen and creatinine nitrogen rep-
resent are given. 
Group 3 consists of four pigs which were slaughtered at the Midway 
abattoir in Saint Paul. The pigs averaged about 150 pounds in weight. No 
history was obtained as to the rations which these pigs had received. De-
terminations were made of non-protein nitrogen, urea nitrogen, uric acid, 
creatinine, creatine plus creatinine, sugar, inorganic phosphorus and cal-
cium. Values for urea, uric acid nitrogen and creatinine nitrogen were 
calculated. 
In May, 1929, three normal pigs were secured from the Animal Hus-
bandry Department of the University Farm, Saint Paul, and taken to the 
Veterinary Division, where they were kept for a period of six weeks. Dur-
ing this time four blood samples were obtained from each pig and analyzed 
for non-protein nitrogen, uric acid nitrogen, creatinine, creatine plus cre-
atinine, sugar, inorganic phosphorus and calcium. These pigs received a 
ration which consisted of shelled corn, a protein mixture of equal parts of 
tankage and linseed meal. Before being brought to the Veterinary Division 
they had access to rape pasture in addition to their regular ration. These 
pigs were between eight and nine months of age. The averages of these de-
t erminations are recorded under groups 4a, 4b and 4c. The urea, uric acid 
nitrogen and creatinine nitrogen are calculated. The percentages of the 
total non-protein nitrogen represented by the nitrogen of the various con-
stituents are recorded. 
Group 5 consists of five pigs which were slaughtered at a packing plant 
in South Saint Paul. These blood samples were obtained by throat bleed-
ing at the time of slaughter. The averages of determinations of certain 
blood constituents are recorded. · 
Group 6 consists of five normal pigs which were purchased at the stock 
yards in South Saint Paul and brought to the Veterinary Division of the 
University Farm. These pigs averaged about 70 pounds in weight. The 
blood samples were obtained by tail' bleeding. 
Iowa Swine 
Group 7 consists of three normal pigs belonging to the Depart-
ment of Veterinary Research, Iowa State College, Ames, Iowa. These 
pigs were fed a ration of shelled corn, middlings and shorts twice a day. 
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The amount of feed was regulated so that the animals made a slow constant 
gain in weight, but did not fatten. These pigs averaged about 90 pounds 
in weight. 
Groups 8, 9, 10, 11 and 12 consist of forty-eight normal pigs which 
weighed from 180 to 300 pounds live weight. Group 12a consists of one 
female pig which weighed 415 pounds. These pigs were raised on different 
farms near Ames, Iowa, and were slaughtered at the College abattoir. The 
rations which these pigs received varied slightly, but in general consisted 
of corn, a supplemental protein mixture consisting of milk and tankage and 
a mineral mixture of 20 parts of limestone by weight, 20 parts of salt by 
weight, 37.5 parts of bone meal by weight, 2 pounds of iron oxide, 0.02 
pound of potassium iodide, 0.03 pound of copper sulphate. This ration was 
fed in a self feeder. In addition they were allowed access to alfalfa pastures. 
These animals were deprived of water and feed for 24 to 36 hours prior 
to slaughter. As a rule the stomach and intestine were devoid of feed and, 
in fact, very little fecal material was found in the lower intestinal tract. 
The bladder usually contained only small amounts of urine and frequently 
only a trace. 
The groups have been arranged according to the weights of the animals. 
Group 8 consists of three pigs ranging in weight from 180 to 185 pounds. 
Group 9 consists of twenty-fol'fr pigs ranging in weight from 200 to 
225 pounds. Group 10 consists of ten pigs ranging in weight from 228 
to 249 pounds. Group 11 consists of six pigs ranging in weight from 252 to 
272 pounds. Group 12 consists of five pigs ranging in weight from 280 to 
300 pounds. Group 12a includes only one female pig which weighed 415 
pounds. 
The blood samples were obtained by throat bleeding at the time of 
slaughter. 
THE BLOOD OF CHOLERA·INFEOTED SWINE 
Determinations were made of certain constituents of the blood of fifty-
four cholera-infected pigs that ranged in weight from 40 to 90 pounds. 
The data are grouped according to the origin of the pigs, as it was be-
lieved that the disease might vary in its virulence from different sources. 
As a rule the pigs developed anorexia on the third or fourth day after 
inoculation with cholera virus so that when these animals were killed, 
usually on the seventh day, in some cases up to the eleventh day, they were 
on a starvation metabolism basis. The blood samples were obtained by 
throat bleeding when the animals were killed. 
The data secured from cholera-infected swine for the concentration of 
certain blood constituents are recorded in groups 13 to 15b, inclusive. 
In group 13 are r ecorded the results of determinations of blood con-
stituents from a group of cholera-infected pigs which belonged to the De-
partment of Veterinary Research, Iowa State College. These pigs averaged 
about 54 pounds in weight. Maximum, minimum and mean values are 
given for this group. 
The data secured from the determination of blood constituents of 
twenty-seven cholera-infected pigs belonging to the Experiment Station 
of the United States Bureau of Animal Industry, located at Ames, Iowa, 
are recorded in group 14. These pigs averaged about three months and 
twelve days in age and 57 pounds in weight. They were raised in the vicin-
ity of Ames. Maximum, minimum and mean values for this group are given. 
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In groups 15a and 15b are recorded the results of determinations of 
blood constituents from two groups of pigs, consisting of eight and nine-
teen animals, respectively, belonging to the plant of the Fort Dodge Serum 
Company at Fort Dodge, Iowa. These pigs originated from North Dakota, 
being purchased in that state by the Fort Dodge Serum Company and 
brought to their plant for the purpose of producing hog cholera virus. 
These pigs ranged in weight from 70 to 90 pounds. They were killed on the 
sixth day after being inoculated with four cubic centimeters of hog cholera 
virus. Maximum, minimum and mean values are recorded for each group. 
DISCUSSION 
NORMAL BLOOD 
A considerable amount of the limited data available concerning the 
concentration of the various constituents of swine blood has been obtained 
by investigators in developing the technique of the various procedures for 
blood analyses. In most instances the mixed blood of animals has been used. 
Relatively small numbers of swine have been used for this purpose. 
Hayden and Tubangui (83) determined the creatinine and sugar con-
tent in the blood of twenty normal pigs. They also studied the non-protein 
nitrogen, urea and uric acid in the blood of fourteen normal pigs. 
Scheunert and Pelchrzim ( 137) determined the sugar, rest nitrogen, 
urea nitrogen, creatinine and creatine plus creatinine in the blood of fif-
teen normal pigs. 
Roderick and Schalk (132) made determinations of non-protein nitro-
gen on eight normal pigs, and urea nitrogen and sugar determinations on 
twelve normal pigs. 
Total Non-protein Nitrogen 
The data recorded in groups 1 to 12 show a wide range in the values of 
non-protein nitrogen in the blood of the different groups of pigs and be-
tween members of the same group. 
TABLE 1. Maximum, m:intimtwm amil mewn values for total non-protein nitrogen in the 
blood of differunt groups of normal pigs 
No. of Mgms. per 100 c.c. of blood 
Group No. of det ermina-
animals tions Maximum Minimum I Mean 
1 26 26 40.0 8.6 26.0 
2 4 4 54.0 33.3 46.8 
3 4 4 40.0 35.2 38.4 
4a 1 4 37.0 20.6 31.5 
4b 1 4 30.0 26.0 27.3 
4c 1 4 35.2 22.2 28.6 
5 5 5 40.0 18.0 31.7 
6 4 4 22.0 13.5 17.3 
7 4 4 40.0 20.0 31.9 
8 3 3 37.5 30.8 34.5 
9 23 23 58.0 20.0 31.3 
10 10 10 43.0 19.0 29.4 
11 6 6 40.4 21.8 29.5 
12 5 5 48.0 24.0 35.0 
12a 1 1 30.0 30.0 30.0 
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In table 1 are given the maximum, minimum and mean values for total 
non-protein nitrogen for the different groups. 
There is shown in table 1 a considerable variation in the average 
values of total non-protein nitrogen between the various groups and also 
between the animals comprising the different groups. Repeated observa-
tions on the same animal showed wide variations, as may be noted in group 
4a. The non-protein nitrogen in blood samples obtained from the same 
animal ranged between 20.6 and 37 milligrams per 100 c.c. of blood. 
The average value for non-protein nitrogen for 107 blood samples ob-
tained from 98 normal pigs was found to be 31.4 milligrams per 100 c.c., 
ranging from 8.6 to 58 milligrams. 
In table 2 there is recorded a comparison of the results obtained by 
different investigators for total non-protein nitrogen determined from the 
blood of different animals, with the results which we obtained from the 
blood of normal swine. 
TABLE 2. Comparison of the average values for total non-protein nitrogen obtained 
by different investigators from the blood of various animals with our detei·milnations on 
normal swine 
·' Mg ms. p er 100 c.c. of blood 
Investigator Animal 
Maximum Minimum Mean 
Haden and Orr (71) 
······················------
dog 30.0 
Morgulis and Edwards (114) ................ dog 34.8 
Folin and Denis (58) .............................. cat 67.0 31.0 52.6 
Folin and Morris (60) ............................ rat 38.0 
Anderson, Honeywell, Santy and 
Pederson (4) 
·······-···-·····-··············-·--·· 
rat 45.2 
Chanutin and Silvette (35) .................... rat 51.0 37.0 43.0 
Folin and Denis (58) .............................. rabbit 31.0 
Watkins and Smith (153) .................... rabbit 20.3 
Scheunert and Pelchrzim (137) ............ horse 30.0 21.4 29.0 
Holt and Reynold& (89) ........................ horse 42.58 16.5 25.82 
Hayden and Fish (82) .......................... horse 33.9 
Folin and Denis (58) ............................ horse 54.0 
Scheunert and Pelchrzim (137) ............ cattle 39.4 26.3 28.74 
Hayden and Fish (82) ............................ cattle 35.0 25.0 
Anderson, Gayley and Pratt (3) .......... cattle 42.14 20.67 30.07 
Scheunert and Pelchrzim (137) ............ sheep 31.0 
Hayden and Tubangui (83) .................. swine 38.3 30.6 35.0 
Scheunert and Pelchrzim (137) ............ swine 40.04 25.0 31.1 
Folin and Denis (58) ............................ swine 32.0 
Roderick and Schalk (132) .................... swine 49.9 28.0 41.5 
Our observations 
·······-·-··-·············----···---
swine 58.0 8.6 31.4 
It may be seen from table 2 that the average of 31.4 milligrams of total 
non-protein nitrogen per 100 c.c. of blood is in close agreement with the 
results of other investigators. A wider range in the values of total non-
protein nitrogen was obeserved in these investigations than was recorded 
by other investigators. (Folin and Denis (58) ), (Hayden and Tubangui 
(83) ), (Scheunert and Pelchrzim (137) ). 
The distribution of the values which we obtained for total non-protein 
nitrogen in the blood of normal swine is given in table 3. 
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TABLE 3. Distribution of the values for total non-protein nitrogen in the blood of 
normal swine 
No. of Pctg. total No. of Pctg. total 
Mgms. per determina- no. deter- Mgms. per determina- no. deter-
100 c.c. tions minations 100 c.c. tions ruinations 
Below 15 4 3.7 35-40 15.0 14.0 
15-20 5.0 4.7 40-45 10.0 9.3 
20-25 24.0 22.4 45-50 2.0 1.9 
25-30 20.0 18.7 50-55 3.0 2.9 
30-35 23.0 21.5 Above 55 1.00 0.9 
Urea Nitrogen 
In table 4 are given the maximum, minimum and mean values for urea 
nitrogen, the percentage of total non-protein nitrogen which is represented 
by the urea nitrogen and the values for urea for the diil'erent groups of nor-
mal pigs. 
TABLE 4. Maximum, minimum and mean values for urea nitrogen, percentage of the 
total non-protein nlitrogen, and urea in the blood of various groups of normal pigs 
Urea N Mgms. Pctg. total non- Urea Mgms. 
... 
,.!!l 
"' 
per 100 c.c. protein nitrogen per 100 c.c. 
Q) 
"' 
.: -----
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2 4 4 19.8 12.4 16.7 60.0 25.0 37.8 42.7 26.7 36.0 
3 4 4 17.6 16.0 16.6 46.0 39.0 42.0 38.0 34.0 35.8 
4a 1 4 18.7 7.0 14.6 85.0 18.0 50.0 40.0 15.0 31.4 
4b 1 4 20.3 10.6 16.5 68.0 40.0 59.0 43.8 23.0 35.7 
4c 1 3 19.8 14.0 16.5 89.0 44.0 61.7 42.7 30.7 35.8 
5 5 5 15.7 6.4 10.0 46.0 17.8 33.0 34.0 14.6 21.8 
6 5 5 8.2 2.2 5.4 61.0 11.0 32.4 17.8 4.5 11.6 
7 4 4 10.7 3.7 5.7 28.5 9.2 17.5 22.9 7.9 12.2 
8 3 3 5.8 2.2 3.4 16.4 5.7 10.0 12.4 4.6 7.4 
9 23 23 10.4 2.0 5.1 39.5 4.0 18.0 22.4 4.3 11.0 
10 10 10 8.0 4.0 5.3 42.0 9.0 20.5 17.2 8.6 11.5 
11 6 6 9.4 1.3 4.8 43.0 4.0 18.6 20.3 2.7 10.4 
12 5 5 5.0 1.3 3.2 18.8 3.2 9.6 10.8 2.8 7.0 
12a 1 1 3.0 3.0 3.0 10.0 10.0 10.0 6.5 6.5 6.5 
The average value for urea nitrogen for 81 determinations on 73 nor-
mal pigs was 7.7 milligrams per 100 c.c. of blood, ranging from 1.3 to 20.3 
milligrams. The average percentage which the urea nitrogen made up of 
the total non-protein nitrogen was 26.28, with variations between 3.2 and 
89 per cent. The average value for urea calculated from the urea nitrogen 
was 16.9 milligrams per 100 c.c. of blood, with a minimum of 2.7 and a 
maximum of 48.0 milligrams. 
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In table 5 is recorded a comparison of the results obtained by dif-
ferent investigators for urea nitrogen from the blood of different animals, 
with the results which we obtained from the blood of normal swine. 
TABLE 5. Comparison of average values for urea nitrogen obtained by different inves-
tigators from the blood of different anilmals with our results on the blood of normal swine 
Mgms. per 100 c.c. of blood 
Investigator 
Haden and Orr (71) ............................. . 
Morgulis and Edward (114) ............... . 
Pucher (129) ........................................... . 
Folin and Denis (58) ........................... . 
Folin and Morris (60) ........................... . 
Anderson, Honeywell, Santy and 
Pederson (4) ....................................... . 
Folin and Denis (58).·············-··············· 
Animal 
clog 
dog 
New born 
puppies 
cat 
rat 
rat 
rabbit 
rabbit 
pregnant 
Watkins and Smith (153) .................... doe 
~lactating 
Watkini:i and Smith (153) .................... doe 
Scheunert and Pelchrzim (137)............ horse 
Holt and Reynolds (89)........................ horse 
Hayden and Fish (82) ............................ horse 
Folin and Denis (58) .............................. horse 
Brocq-Rousseau, Roussel and Gallot 
(26) ······················································ 
Scheunert and Pelchrzim (137) ........... . 
Hayden and Fish (82) ........................... . 
Anderson, Gayley and Pratt (3) ......... . 
Folin and Denis (58) ............................. . 
Scheunert and Pelchrzim (137) ........... . 
Folin and Denis ( 58) ........................... . 
Hayden and Tabangui (83) ................. . 
Scheunert and Pelchrzim (137) ........... . 
Folin and Denis (58) ............................. . 
Roderick and Schalk (132) ................. . 
Our observations ..................................... . 
horse 
cattle 
cattle 
cattle 
cattle 
sheep 
sheep 
swine 
swino 
swine 
swine 
swine 
Maximum 
15.0 
37.0 
15.0 
25.0 
45.3 
23.7 
27.0 
21.64 
14.0 
23.1 
27.3 
23.4 
20.3 
Minimum 
11.1 
20.0 
7.5 
7.5 
16.5 
10.5 
5.3 
4.4 
7.5 
15.35 
11.0 
1.3 
Mean 
11.7 
12.9 
20.7 
30.3 
10.25 
15.6 
13.0 
11.0 
18.0 
9.64 
14.81 
18.7 
28.0 
31.4 
18.09 
12.21 
12.94 
11.8 
13.0 
19.6 
15.35 
14.0 
17.3 
7.7 
The distribution of our values for urea nitrogen in the blood of normal 
swine is recorded in table 6. 
TABLE 6. Distribution of the values for urea nitrogen in the blood of normal swine 
Mgms. per No. of de· Percentage Mgms. per No. of de- Percentage 
100 c.c. termina- total no. 100 c.c. termina- total no. 
tions determina- tions determina-
tions tions 
Below 5 32.0 40.0 15-20 16.0 1.0 
5-10 27.0 33.0 Above 20 19.5 1.2 
10-15 6.0 7.3 
180 E. A. HEWITT 
The mean value for urea nitrogen is lower than that recorded by other 
investigators for normal animals. In several of the groups of pigs compris-
ing more than 20 per cent of the total number of our determinations, the 
values for urea nitrogen are between 14 and 20 milligrams per 100 c.c. of 
blood, in which range are found the average values of other investigators. 
The maximum value of 20.3 milligrams is lower than the maximum values 
recorded by Hayden and Tubangui ( 83) and Roderick and Schalk ( 132), 
which were 27 .3 and 23.4 milligrams, respectively. 
The accuracy of our technique for the determination of urea nitrogen 
was investigated. Two urea solutions, one (solution A) containing one-
tenth of a milligram of urea per 10 c.c. and another (solution B) containing 
one milligram of urea per 10 c.c., were prepared. Determinations of the 
urea nitrogen in 10 c.c. of each solution were made. 
The results for solution A gave a value of 0.0438 milligrams of urea 
nitrogen or 0.094 milligram of urea, which was 94 per cent of the amount 
present. The results for solution B gave a urea nitrogen value of D.4545 
milligram, equivalent to 0.98 milligram of urea, which was 98 per cent of 
the amount present. 
Folin and Berglund ( 53) obtained data on the amino-acid absorption 
and urea accumulation which in their opinion indicated that the urea forma-
tion is a function of all mammalian tissues, including the blood corpuscles, 
and is not predominantly localized in the liver. 
Jansen ( 96) by perfusing the liver, showed that the liver does play 
an important part in the formation of urea from amino-acids. 
Bollman, Mann, and Magath (23) studied the deaminization of the 
blood, urine and tissues of a number of dogs surviving removal of the liver 
from 8 to 30 hours. In no case could the occurrence of deaminization be 
demonstrated after the liver had been removed. It was demonstrated that no 
urea was formed in the absence of the liver. If amino-acids were injected 
into these animals the entire amount of amino-acid nitrogen was recovered 
unchanged in the blood. They concluded that deaminization of amino-acids 
in the body of the dog was entirely dependent on the presence of the liver, 
since deaminization ceased completely as soon as the liver was removed. 
Johnson (98) found that the average number of lobules in the pig's 
liver was 702,000. He quotes Mall as having obtained 480,000 as the average 
number of lobules in the liver of the dog. 
A greater number of liver lobules indicates a greater amount of inter-
lobular connective tissue. It is well known that the liver of the pig contains 
relatively more connective tissue than does the liver of other animals. Be-
cause of this greater amount of interlobular connective tissue the lobules of 
the liver in the pig are easily discernable macroscopically. 
Johnson (98) states that the size of the lobule of an adult pig's liver 
is very variable, great differences existing in any individual liver. The 
smallest lobules may be no larger than 0.5 millimeter in diameter; the 
largest ones may be 2 millimeters or over. Assuming that the shapes of the 
large and small lobules are approximately similar, it is evident that the 
largest lobules must be as much as sixty-four times greater by volume than 
the smallest ones. The average volume of the liver lobule is dependent to a 
certain degree upon the size of the liver, thus in small livers the average 
volume is less than in larger ones. The total number of lobules in the pig's 
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liver is also quite variable. This can be readily observed when examining 
isolated lobules of different livers of approxfmately the same weight. 
Could it be that, correlated with the relatively large amount of con-
nective tissue in a pig's liver and the variations in size and volume of the 
lobules, there is an instability of physiologic activity? 
Hubbard (93) studied the urea and creatinine concentration in the 
blood and found that urea and creatinine concentrations paralleled each 
other. He stated that there was not infrequent evidence of rather sudden 
changes i~ urea concentration probably associated with variations in the 
rate of urea formation. In the table showing his results he cites cases hav-
ing urea nitrogen values between 0.0 and 4.9 milligrams, and between 0.0 
and 8 milligrams, with creatinine ranging between 1.33 and 1.44 milligrams 
per 100 c.c. of blood. 
Uric Acid 
In table 7 are given the maximum, minimum and mean values for uric 
acid, uric acid nitrogen, and the percentage of total non-protein nitrogen 
represented by th.e uric acid nitrogen, in the blood of various groups of pigs. 
TABLE 7. Maximum, minimum and 'llttan values for uric acid, and the uric acid nitro-
gen in milligrams and percentage of total non-protein nitrogen in the blood of various 
groups of normal swine 
"' 
Mgms. per 100 c.c. of blood Percentage of <il ~ s total non-protein 
..... 
..., Uric acid Uric acid nitrogen nitrogen ~ = "' 
.&>. ol "" 
---------
s ..... ..... ., 
::i 0 0 = ~ s ~ s ~ ~ = .... ~.9 
"' 
.,,..., ::i ::i 
~ 
""' 
""' ol .§ :~ § s ·§ = .§ .§ = ::i s ELS ·~ 0 M ol M .s ol .... ::i zS ol "' ol Si "' ol "' ~ z ~ ~ ~ ::;i ::;i ::;i ~ ::;i 
2 4 4 1.7 1.2 1.44 0.5 0.4 0.43 1.2 0.76 0.98 
3 4 4 1.08 1.04 1.05 0.35 0.34 0.34 1.0 0.86 0.9 
4a 1 3 1.3 0.35 0.98 0.45 0.11 0.33 1.3 0.32 0.92 
4b 1 3 1.31 0.62 1.02 0.43 0.2 0.33 1.4 0.7 1.17 
4c 1 3 1.2 . 0.72 0.95 0.4 0.23 0.31 1.7 0.76 1.15 
5 5 5 0.76 0.65 0.7 0.25 0.21 0.22 1.0 0.5 0.7 
6 3 3 1.2 1.15 1.18 0.41 0.38 0.39 3.0 2.0 2.6 
7 4 4 2.2 1.0 1.4 0.73 0.33 0.45 1.8 0.8 1.4 
8 3 3 7.14 3.07 4.8 2.3 1.0 1.6 6.7 2.7 4.7 
9 23 23 4.06 0.58 2.3 1.3 0.2 0.77 5.8 0.6 2.78 
10 10 10 4.2 0.46 3.4 1.4 0.15 0.8 7.2 0.35 3.0 
11 6 6 3.2 0.32 1.4 1.0 0.18 0.45 3.0 0.4 1.5 
12 5 5 3.5 0.32 2.3 1.2 0.1 0.75 3.0 0.44 2.1 
12a 1 1 3.3 3.3 3.3 1.0 1.0 1.0 3.6 3.6 3.6 
The average value for uric acid from 78 determinations on 71 normal 
pigs was 1.95 milligrams per 100 c.c. of blood, ranging from 0.32 to 7.14 
milligrams. The average for uric acid nitrogen was 0.58 milligram per 100 
c.c. of blood and varied between 0.1 and 2.3 milligrams. The uric acid 
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nitrogen averaged 2.12 per cent of the total non-protein nitrogen, ranging 
from 0.32 to 7 .2 per cent. 
A comparison of the data obtained by different investigators for uric 
acid in the blood of different animals with our results on normal swine is 
shown in table 8. 
TABLE 8. Comparison of average valtues for uric acid obtwined from the blood of dif-
ferent animals with our results on the blood of normal swine 
Mgms. per 100 c.c. of blood 
Investigator Animal 
Maximum Minimum Mean 
Haden and Orr (71) .............................. dog 1.5 
Benedict .................................................. -. dog 0.46 
Folin and Denis (58) ............................ cat 0.2 
Folin and Morris (60) .......................... rat 2.0 
Anderson, Honeywell, Santy and 
Pederson (4) 
······-······························· 
rat 1.86 
Folin and Denis (58) .............................. rabbit 0.05 
Holt and Reynolds (89) ........................ horse 3.0 0.9 1.4 
Hayden and Fish (82) ............. - ........... horse 0.69 
Folin and Denis (58) ............................ horse 0.05 
Hayden and Fish (82)-(Folin's di-
rect method) 
--------------------------------------- · 
cow 2.04 
Hayden and l!,ish (82)-(Isolation 
method of Falin) 
·-·-····--················--·-·· 
cow 0.06 
Anderson, Gayley and Pratt (3)-
(Benedict's method) 
------······· ·-···· · ··-··· 
cow 2.08 
Falin and Denis (58) ............................ COW 0.2 
defibrin-
atcd ox 
Benedict (13) 
···································-----
blood 0.67 0.41 0.5 
Folin and Denis (58) .............................. &beep 0.05 
Hayden and Tubangui (83) .................. swine 2.5 1.73 2.06 
Falin and Denis (58) ............................ swine 0.05 
Our results 
--------------------------·-·············-----
swine 7.14 0.32 1.95 
The average which was obtained in this study for the concentration of 
uric acid in the blood of swine agrees quite closely with the average ob-
tained by Hayden and Tubangui ( 83). Again our data show a wider varia-
tion than is recorded by other investigators. 
Harding and collaborators (78 ) made the observation that diets high 
in fat producing a ketosis invariably raised the uric acid content of the 
blood, and that often the rise in uric acid was accompanied by an increase 
in the non-protein nitrogen which was not attributable to an augmentation 
of the blood urea. 
It must be borne in mind that the high uric acid values and the low 
urea nitrogen values in our studies are restricted for the most part to 
groups 8, 9, 10, 11 and 12. The animals comprising these groups were 
slaughtered at the college abattoir. Feed and water had been withheld from 
these animals for 24 to 36 hours previous to slaughter. In addition to hav-
ing feed and water withheld, they had been loaded on a truck and hauled 
to the abattoir. 
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Bulmer, Eagles, and Hunter (31), Benedict, Newton, and Bahre (16) 
have reported the isolation of a new substance ( thiasine) from blood, which 
gives a blue color with uric acid reagents. This compound is supposed to 
be responsible for the occasional excess estimation of uric acid by the direct 
method as compared with results by the indirect method. It is possible 
that Folin 's improved phosphotungstic reagent ( 49, p. 247) may not react 
to this substance. 
Holbrook and Haskins ( 88), in studying the blood uric acid in nephri-
tis, presented data to show urea nitrogen retention in the blood with normal 
uric acid values. They considered urea nitrogen of 16 to 24 milligrams as 
the range of early retention. They concluded that uric acid was not re-
tained in the blood at an earlier stage of nephritis than was urea. They 
considered that creatinine estimations were much more valuable and agreed 
approximately with urea results and served as a check upon the latter. 
They concluded that urea estimations were the most reliable and signifi-
cant of the blood chemistry :findings in nephritis. 
Myers, Fine, and Lough ( 120), on the other hand, presented a series 
of 30 cases with high values for the uric acid content of the blood, but with-
out a corresponding retention of urea and creatinine. They concluded that 
uric acid was of considerable value as an early diagnostic test for ''early 
interstitial nephritis.'' 
The distribution of the values which we obtained for uric acid in the 
blood of normal swine is recorded in table 9. 
TABLE 9. Distribution of the valiues for uric acid in the blood of normal swiine 
Mgms. per No. of de- Percentage Mgms. per No. of de- Percentage 
100 c.c. termina- total no. 100 c.c. t ermina- total no. 
tions determina- tions determina-
tions tions 
Below 0.5 4 5.1 2.5-3.0 4 5.1 
0.5-1.0 13 16.7 3.0-3.5 9 11.5 
1.0-1.5 27 34.7 3.5-4.0 8 10.3 
1.5-2.0 5 6.4 4.0-4.5 3 3.8 
2.0-2.5 4 5.1 Above 4.5 1 1.3 
Slightly more than 51 per cent of the determinations for uric acid gave 
values between 0.5 and 1.5 milligrams per 100 c.c. of blood. 
Bollman, Mann, and Magath ( 22) found large amounts of uric acid in 
the urine of dogs following hepatectomy, which also gave rise to an increase 
in the uric acid content of the blood. The uric acid excreted by the hepa-
tectomized animal was of the same magnitude as the allantoin excreted 
by the normal dog. The lack of destruction of uric acid following removal 
of the liver indicated that this organ was responsible for its destruction in 
the normal animal. 
Preformed Creatinine 
In table 10 are recorded data for creatinine and creatinine nitrogen 
in milligrams and percentage of total non-protein nitrogen in the blood of 
differ ent groups of normal pigs. 
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TABLE 10. Maximwm, minimum and mean values for creatinine, creatinine nitrogen, 
and percentage of total non-protein nitrogen represented by the creatinine nitrogen in 
the blood of various groups of normal pigs 
Mgms. per 100 c.c. of blood Creatinine nitro-
gen percentage 
- t otal non-pro-
"' 
Creatinine Creatinine N 
.. >:! tein nitrogen 
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.s --· ---
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1 26 26 1.6 1.0 1.3 0.6 0.4 0.48 5.0 1.0 2.2 
2 4 4 1.3 1.2 1.2 0.5 0.5 0.5 1.7 0.9 1.2 
3 4 4 1.5 1.5 1.5 0.6 0.57 0.58 1.6 1.4 1.4 
4a 1 4 2.0 1.2 1.4 0.7 0.45 0.52 2.1 1.3 1.7 
4b 1 4 1.6 1.3 1.4 0.57 0.5 0.55 2.1 1.6 1.9 
4c 1 4 1.6 1.2 1.4 0.6 0.5 0.55 2.0 1.6 1.9 
5 5 5 2.0 1.5 1.8 0.75 0.57 0.67 3.0 1.4 2.2 
6 5 5 1.5 1.4 1.4 0.57 0.53 0.55 4.2 2.0 3.3 
7 4 4 1.75 1.4 1.5 0.66 0.53 0.58 2.4 1.5 1.8 
8 3 3 2.0 1.4 1.6 0.76 0.5 0.61 2.2 1.4 1.8 
9 21 21 2.6 1.2 1.8 1.0 0.45 0.68 3.3 1.1 2.3 
10 10 10 2.1 1.2 1.8 0.8 0.46 0.7 3.6 1.2 2.4 
11 6 6 2.7 1.2 2.0 1.0 0.44 0.75 3.5 1.3 2.7 
12 5 5 2.0 1.6 1.8 0.76 0.63 0.70 3.1 1.3 2.1 
12a 1 1 2.0 2.0 2.0 0.76 0.76 0.76 2.5 2.5 2.5 
The average value for creatinine from 106 determinations on 97 nor-
mal pigs was 1.6 milligrams per 100 c.c. of blood, ranging from 1 to 2.7 
milligrams. For creatinine nitrogen the average was 0.66 milligrams per 
100 c.c. of blood, ranging between 0.44 and 1 milligram. The creatinine 
nitrogen averaged 2.2 per cent of the total non-protein nitrogen and varied 
from 0.9 to 5.1 per cent. 
Folin (50, p. 274) stated that the creatinine content of the blood is 
normally remarkably constant, as might be expected in view of the fact that 
the endogenous production of creatinine is by far the largest source of 
urinary creatinine. 
Our data show creatinine in the blood of swine, to be the most con-
stant of the constituents which we have determined. 
Myers and his associates (36) emphasized the point that the amount 
of increase of the blood creatinine should be a safer index to the decrease 
in the permeability of the kidney than the urea, because urea formation 
was largely exogenous and subjec~ to greater fluctuations. 
A comparison of the average values for the creatinine in the blood of 
various species as determined by different investigators, is made with our 
results on the blood of swine, in table 11. 
The results of our determinations of creatinine are in fair agreement 
with the results obtained by other investigators for the blood of swine. 
The :figures also show that the concentration of creatinine in swine blood is 
quite similar to that of other animals. 
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TABLE 11. CompMison of average values for creatinine obtained from the blood of 
different species of animals by vario-us investigators with our results of the blood of 
normal swine 
Mgms. per 100 c.c. of blood 
Investigator Animal 
Haden and Orr (74) .............................. dog 
Morgulis and Edwards (114) ................ dog 
Folin and Denis (57) ............................ cat 
Anderson, Honeywell, Santy and 
Pederson (4) ........................................ rat 
Chanutin and Silvette (35).................... rat 
Folin and Denis (57) ............................ rabbit 
Scheunert and Pelchrzim (137) ............ horse 
Holt and Reynolds ( 89) ........................ horse 
Hayden and Fish (82) .......................... horse 
Scheunert and Pelchrzim (137)............ cattle 
Hayden and Fish (87)............................ cattle 
Anderson, Gayley and Pratt (3) .......... cattle 
beef 
Folin and Denis (57)............................. . blood 
Greenwald and McGuire (68) 1.-beef 
(Folin 's method)................................ blood 
Greenwald and McGuire (68) (using beef 
their own method).............................. blood 
Scheunert and Pelchrzim (137) ............ sheep 
mixed 
blood of 
Folin and Denis (57) .............................. sheep 
Hayden and Tubangui (83) .................. swine 
Scheunert and Pelchrzim (137) ............ swine 
I mixed blood of 
Folin and Denis (57) .............................. , swine 
Our observations...................................... swine 
Maximum 
1.7 
2.1 
1.7 
3.0 
1.8 
2.0 
1.94 
1.3 
2.0 
1.94 
2.7 
Minimum 
1.5 
1.1 
1.2 
0.9 
1.4 
1.0 
1.19 
1.2 
1.14 
1.62 
1.0 
Mean 
1.5 
1.5 
1.2 
1.27 
1.4 
1.0 
1.27 
1.4 
1.81 
1.61 
1.42 
2.0 
2.57 
1.61 
1.26 
1.2 
1.42 
1.78 
1.3 
1.6 
The distribution of the values for creatinine which we obtained is 
shown in table 12. 
TABLE 12. Distribution of the values for creatinine in the blood of normal swine 
Mgms, per No. of de· Percentage Mgms. per N-0. of de· Percent-
100 c.c. termina- total no. 100 c.c. termina· age total 
tions determina· tions no. deter-
tions min a-
tions 
1.0-1.5 45 42.5 2.0-2.5 21 19.8 
1.5-2.0 38 35.9 Above 2.5 2 1.8 
More than 78 per cent of the creatinine values lie between 1 and 2 
milligrams per 100 c.c. of blood. 
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Creatine Plus Creatinine 
The data collected for the concentration of creatine plus creatinine in 
the blood of different groups of normal pigs are given in table 13. 
TABLE 13. Maxiwum, miniwum and mean values for creatine plus creatinine in the 
blood of various groups of normal swine 
Number of Mgms. per 100 c.c. of blood 
Group Number of determina-
number animals tions Maximum Minimum I Mean 
1 25 25 6.0 2.3 3.7 
2 4 4 5.0 4.2 4.7 
3 4 4 7.5 4.0 5.07 
4a 1 4 5.0 2.8 4.3 
4b 1 3 4.8 4.0 4.3 
4c 1 4 4.8 3.0 4.2 
5 5 5 4.8 3.1 4.0 
6 4 4 7.7 2.6 4.0 
7 4 4 5.8 4.2 4.8 
8 3 3 6.3 5.3 5.9 
9 21 21 12.0 4.4 6.1 
10 10 10 7.0 4.4 6.0 
11 5 5 6.6 5.2 5.9 
12 5 5 8.1 4.8 6.5 
12a 1 1 7.7 7.7 7.7 
The average value for creatine plus creatinine for 102 determinations 
on 94 normal pigs was 5 milligrams per 100 c.c. of blood, ranging from 
2.3 to 12 milligrams. 
A comparison of the results obtained by different investigators for the 
creatine plus creatinine concentration in the blood of various species, with 
our results for the blood of swine, is given in table 14. 
TABLE 14. Comparison of creatine plus creatinine values in the blood of different 
species obtained by different investigators with values we obtained for swine 
MgIIlB. per 100 c.c. of blood 
Investigator Animal 
Maximum Minimum Mean 
Folin and Denis (57) .............................. cat 8.0 
Anderson, Honeywell, Santy and 
Pederson (4) ........................................ rat 6.42 
Chanutin and Silvette (35) .................... rat 6.7 5.1 5.7 
Folin and Denis (57) .............................. rabbit 10.0 
Scheunert and Pelchrzim (137) ............ horse 6.6 5.0 5.9 
Scheunert and Pelchrzim (137) ............ cattle 10.4 5.7 7.71 
Folin and Denis (57) .............................. beef 
blood 11.0 
Scheunert and Pelchrzim (137) ............ sheep 5.3 3.8 4.14 
Folin and Denis (57) .............................. sheep 9.0 
Scheunert and P elchrzim (137) ............ swine 8.7 5.16 6.32 
F-0lin and Denis (57) ............................ swine 9.0 
Our determinations 
· ·············-·--···· ·-·····---
swine 12.0 2.3 5.0 
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The average value obtained by us for creatine plus creatinine is some-
what lower than the average reported by Scheunert and Pelchrzim (137) 
and Folin and Denis ( 57) in the blood of swine. 
The distribution of the values for creatine plus creatinine which we 
obtained is shown in table 15. 
TABLE 15. Distribution of the values for creatine plus creatinine in the blood of 
normal swine 
Mgms. per No. of Percentage Mgms. per No. of Percentage 
100 c.c. deter- total no. 100 c.c. deter- total no. 
mina- determina- min a- determina-
tions tions tions tions 
Below 3 7 6.86 6-7 16 15.7 
3-4 13 12.76 7-8 5 4.9 
4-5 31 30.4 8-9 3 2.9 
5-6 26 25.5 Above 9 1 0.98 
Approximately 56 per cent of the determinations gave values for 
creatine plus creatinine between '4 and 6 milligrams per 100 c.c. of blood. 
Folin (50, p. 274) states that the figures for blood creatine must neces-
sarily be more uncertain than for blood creatinine, because of the heat 
which must be applied to the blood filtrate for the transformation of the 
creatine into creatinine. He concluded that creatine determinations were 
not of much clinical value. The creatinine determinations are of consider-
able clinical importance. 
Sugar 
The data which we have accumulated for the concentration of sugar in 
the blood of various groups of normal pigs are recorded in table 16. 
TABLE 16. Maxi'IWUm, mini'IWUm and mean values for blood sugar in various groups 
of nonnal swine 
Group Number Number of Mgms. per 100 c.c. of blood 
Number of determina-
animals tions Maximum Minimum Mean 
2 2 2 90 76 83.0 
3 4 4 90 80 86.0 
4a 1 3 220 62 119.0 
4b 1 3 65 46 56.3 
4c 1 4 105 38 80.0 
6 5 5 85 41 68.0 
7 4 4 222 200 210.0 
8 3 3 103 52 75.0 
9 22 22 420 55 132.0 
10 10 10 500 63 186.0 
11 6 6 347 38 177.0 
12 5 5 66 55 61.0 
12a 1 1 62 62 62.0 
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The average value for the blood sugar level from 72 determinations on 
65 normal pigs was 128 milligrams per 100 c.c. of blood. The values ranged 
from 38 to 500 milligrams. 
The maximum recorded in our results is higher than that recorded by 
other investigators for any species. Holt and Reynolds ( 89) reported sugar 
values for the blood of normal horses to range between 78 and 370 milli-
grams per 100 c.c., with an average of 109 milligrams. Scheunert and 
Pelchrzim (137) found the blood sugar in horses to range between 76.9 and 
200 milligrams per 100 c.c., with an average of 138.5 milligrams. 
Ruggeri ( 135) found that the blood sugar in castrated rabbits ranged 
from 280 to 320 milligrams per 100 c.c. following the injection of diuretics. 
Hewitt (86) found the blood sugar level in cattle to vary between 52 
and 362 milligrams per 100 c.c. 
A comparison of the results obtained by different investigators for the 
concentration of sugar in the blood of various species with our results for 
the blood of swine is given in table 17. 
TABLE 17. Comparison of B'ltgar vallues in the blood of different species obtained by 
different investigators with re81tlts of our deterwination m the blood of normal swine 
Investigator Animal 
Haden and Orr (71) .............................. dog 
Haden and Orr (200 analyses) (74).... dog 
Morgulis and Edwards (114)................ dog 
Voegtlin, Dunn and Thompson (147) .. rat 
Anderson, Honeywell, Santy and 
Pederson ( 4) ........................................ rat 
Chanutin and Silvette (35).................. rat 
rabbit 
(normal 
Watkins and Smith (153) ...................... doe) 
rabbit 
(pregnant 
Watkins and Smith (153) ...................... doe) 
rabbit 
(lactating 
Watkins and Smith (153) ...................... doe) 
castrated 
rabbit 
after in-
ject ion of 
diuret-
Ruggeri (135) ........................................ ics ) 
Scheunert and Pelchrzim (137) ............ horse 
Holt and Reynolds (89) ........................ horse 
Hayden and Fish (82) .......................... horse 
Schwarz (138) ........................................ horse 
Scheunert and Pelchrzim (137)............ cattle 
Hayden and Fish (82) .......................... cattle 
Anderson, Gayley and Pratt (3) .......... cattle 
Hewitt (86) ............................................ cattle 
Schwarz (138) ........................................ cattle 
Scheunert and Pelchrzim (137) ............ sheep 
Hayden and Tubangui ( 83) .................. swine 
Scheunert and Pelchrzim (137) ............ swine 
Our determinations ................................ swine 
Mgms. per 100 c.c. of blood 
Maximum 
106.3 
154.0 
320.0 
200.0 
370.0 
120.0 
100.0 
70.0 
142.0 
362.0 
177.0 
88.9 
109.0 
106.7 
500.0 
Minimum 
74.0 
115.0 
280.0 
76.9 
78.0 
62.0 
62.5 
30.0 
43.2 
52.0 
44.0 
50.9 
76.0 
80.0 
38.0 
Mean 
76.0 
82.0 
96.7 
113.0 
122.0 
136.0 
124.0 
110.0 
. 
113.0 
138.5 
109.0 
102.9 
76.65 
46.52 
64.1 
95.9 
82.0 
65.6 
90.1 
92.8 
128.0 
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The distribution of the values for blood sugar which we found is given 
in table 18. 
TABLE 18. Distributwn of values for blood sugar in normal swine 
Mgms. per No. of de- Percentage I Mgms. per No. of de- Percentage 100 c.c. termina- total no. 100 c.c. term in a- total no. tions determina- tions determina-
tions tions 
Below 40 2 2.8 100-110 5 7.0 
40-50 2 2.8 110-125 1 1.4 
50-60 5 7.0 200-225 8 11.1 
60-70 12 16.6 250-300 1 1.4 
70-80 14 19.4 300-350 2 2.8 
80-90 10 13.9 400-500 6 8.3 
90-100 4 5.5 
Approximately 50 per cent of the determinations for sugar range be-
tween 60 and 90 milligrams per 100 c.c. of blood. 
Tatum (143) presented data which showed that hemorrhage produced, 
if its grade was properly chosen, a reciprocal change in both a fall in the 
alkaline reserve capacity of whole blood and rise in blood and plasma sugar 
concentration. One effective cause of sugar changes in the blood appeared 
to be a disturbance in the acid-base balance in tissue cells indicated by that 
of the circulating blood in general. Hemorrhage produced hyperglycemia 
more readily when the total bodily alkaline reserve was diminished by ad-
ministration of acid, and less readily when proper amounts of alkali were 
given. 
Biester ( 19) reported the case of a pig which showed the presence of 
glycosuria as high as 6.6 per cent, which he concluded might have been 
diabetes induced by necrotic enteritis. Autopsy showed degeneration of the 
islands of Langerhan in the pancreas, and hepatic lesions. 
Inorganic Phosphorus 
We are concerning ourselves only with the determination of the inor-
ganic phosphorus of the serum, which, according to Howland and Kramer 
( 92), represents the orthophosphate content of the serum, the only form of 
phosphate which can react with calcium to form tertiary calcium phosphate 
Howland and Kramer conclude that the inorganic phosphorus represents 
a definite chemical entity since it is present in nearly constant amounts in 
the same individual as well as in normal individuals of the same age. 
The data which we have obtained as the result of our determinations 
of the concentration of inorganic phosphorus in the blood of various groups 
of pigs are recorded in table 19. 
As a result of 69 analyses on 61 normal pigs we obtained an average of 
7.26 milligrams per 100 c.c. of serum, with a minimum of 4.1 and a maxi-
mum of 11.7 milligrams. 
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TABLE 19. M11$imum, milni11vum and mean values for incrganw phosphorus in the blood 
of varioiis groups of normal swine 
Group Number of Number of Mgms. per 100 c.c. serum 
number animals determin-
ations Maximum Minimum Mean 
3 4 4 6.6 4.1 5.8 
4a 1 4 7.0 6.0 6.3 
4b 1 3 6.6 5.8 6.2 
4c 1 4 5.8 5.2 5.5 
5 4 4 8.6 4.8 7.4 
7 3 3 8.9 8.5 8.7 
8 3 3 8.3 6.1 6.9 
9 23 23 11.0 5.0 7.5 
10 10 10 11.7 5.6 8.0 
11 5 5 10.0 5.8 7.9 
12 5 5 10.0 5.6 6.8 
12a 1 1 5.0 5.0 5.0 
A comparison of the results obtained by different investigators for the 
concentration of inorganie phosphorus in the serum of various species with 
our results for the serum of swine is given in t~ble 20. 
TABLE 20. Comparison of incrganio phosphorus values in the blood of different species 
obtailned by different 011J,thors with the results of our determinations in the blood of 
normal swine 
Investigator Animal 
Abderhalden (1)...................................... do~ 
Abderhalden (1) ...................................... cat 
Brown ( 28) .............................................. rabbit 
Harnes (79) .............................................. rabbit 
Abdcrhalden (1) ...................................... horse 
Anderson, Gayley and Pratt (3) .......... cattle 
Robinson and Huffman (131) .............. cattle 
cattle 
(timothy 
Hart et al (80) ........................................ 1 hay) 
cattle 
(alfalfa 
Hart et al (80) ........................................ hay) 
Meigs, Blatherwick and Cary (112) .... cattle 
Abderhalden (1) ...................................... cattle 
Abderhalden (1) ...................................... sheep 
Abderhalden (1) ...................................... swine 
Our determinations ................................ Rwine 
Mgms. per 100 c.c. of serum 
Maximum Minimum 
6.82 
6.17 
8.99 
8.8 
11.7 
4.96 
3.09 
3.0 
3.8 
4.1 
Mean 
3.5 
3.1 
4.51 
3.3 
4.46 
5.87 
2.57 
4.62 
5.3 
2.7 
3.2 
2.3 
7.26 
The average value for inorganic phosphorus of 7.26 milligrams per 100 
c.c. of serum is higher than that recorded by other investigators for domes-
tic animals. The maximum value of 11.7 is 2.71 milligrams higher than the 
maximum of 8.99 obtained by Robinson and Huffman (131) for cattle. 
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The distribution of the values for inorganic phosphorus which we ob-
tained for swine blood is given in table 21. 
TABLE 21. Distribution of iinorganic phosphorus values for swilne blood 
Mgms. per Number Percent- Mgms. per Number P ercent-
100 c.c. of of deter- age total 100 c.c. of of deter- age total 
serum min a- no. deter- serum min a- no. deter-
tions mina- tions mina-
tions tions 
Below 4.5 1 1.5 7.5-8.0 2 2.9 
4.5-5.0 1 1.5 8.0-8.5 4 5.9 
5.0-5.5 5 7.35 8.5-9.0 7 10.3 
5.5-6.0 10 14.7 9.0-9.5 2 2.9 
6.0-6.5 12 17.63 9.5-10.0 3 4.41 
6.5-7.0 8 11.78 10.0-11.0 6 8.82 
7.0-7.5 4 5.9 Above 11.0 3 4.41 
Approximately 50 per cent of the determinations are between 5 and 7 
milligrams per 100 c.c. of serum .. 
Palmer, Cunningham, and Eckles (124), in studying the normal varia-
tions in the inorganic phosphorus of dairy cattle, found that wide fluctua-
tions may occur from day to day in consecutive three-day tests even when 
the samples were taken under presumably identical physiologi~al condi-
tions. Of the three physiological factors studied, namely, exercise, food in-
gestion and water drinking, only the first gave results of sufficient signifi-
cance to account for the abnormally great fluctuations. Their studies showed 
that vigorous exercise usually caused an increase in the inorganic phos-
phorus, followed within a half-hour by a marked decrease to a point below 
the "before exercise" level. They concluded that the increase in inorganic 
blood phosphorus as a result of exercise was possibly caused by a break-
down in hexose phosphates, to supply energy, thereby releasing inorganic 
phosphorus into the blood. 'l'he decrease which followed would by analogy, 
be the result of a resynthesizing of hexose phosphates. It would seem that 
any severe resistance of an animal to the act of bleeding would cause 
changes in the inorganic phosphorus of the blood. 
Calcium 
The literature on the variations which occur in the concentration of 
calcium in the blood under normal conditions is not large. Meigs, Blather-
wick and Cary (112) concluded that their experience supported the obser-
vations of Kramer and Tisdall (104) in that the calcium of mammalian 
blood was contained in the plasma, and to a negligibly small extent, if at 
all, in the corpuscles. 
Our results for the concentration of calcium in the serum of various 
groups of swine are recorded in table 22. 
The average value for the calcium concentration in the serum of nor-
mal pigs which we obtained was 12.39 milligrams per 100 c.c. for 71 de-
terminations on 63 pigs. The values ranged between a minimum of 6.5 
and a maximum of 20 milligrams. 
192 E. A. HEWITT 
TABLE 22. Maa:imwm, minimum and mean values for the concentration of calcium in 
the blood of varioos groups of normal swine 
Number of Mgms. per 100 c.c. of serum 
Group Number of determina-
number animals tions Maximum Minimum Mean 
3 4 4 19.0 17.0 17.6 
4a 1 4 17.0 6.5 12.5 
4b 1 3 17.5 14.0 15.5 
4c 1 4 18.0 14.0 16.5 
5 4 4 13.0 7.0 10.0 
7 4 4 14.0 10.0 12.4 
8 3 3 14.3 9.8 12.0 
9 23 23 14.0 9.0 11.1 
10 10 10 16.0 8.0 11.0 
11 6 6 20.0 10.0 13.5 
12 5 5 19.0 7.2 12.4 
12a 1 1 10.4 10.4 10.4 
The average of 12.39 milligrams per 100 c.c. of serum is 0.24 milli-
grams lower than the average of 12.63 obtained by Anderson, Gayley and 
TABLE 23. Calciium values obtaiined by different inve.stigators for various species com-
pared with oor results for normal swine 
Mgms. per 100 c.c. of serum 
Investigator Animal 
Maximum Minimum Mean 
Abderhalden (1) ...................................... dog 8.1 
Abderhalden (1) ······································ cat 7.8 
Teich (146) .. ·-·········································· guinea pig 13.0 6.0 7.3 
Culhane (40) ............................................ rabbit 17.12 14.31 15.47 
Brown (28) .............................................. rabbit 15.6 
Ha1·nes (79) ........................................... ... rabbit 18.5 14.5 
Abderhalden (1) ...................................... rabbit 8.3 
Clark (38) ........•.........•............................. horse 12.3 9.0 11.26 
Rona and Takahashi (134) .................... horse 12.0 
Abderhalden (1) ...................................... horse 7.9 
Anderson, Gayley and Pratt (3) .......... cattle 16.18 9.96 12.63 
Robinson and Huffman (131) .............. cattle 14.17 7.7 11.0 
cattle 
(timothy 
Hart et al (80) ...................................... hay) 25.0 20.0 
cattle 
Hart et al (80) ...................................... 
(alfalfa 
hay) 10.0 
pregnant 
COW l;lOn-
Meigs, Blatherwick and Cary (112) .... lactating 9.6 
lac ting 
cow not 
Meigs, Blatherwick and Cary (112) .... pregnant 9.8 
Abderhalden ( 1) ······································ cattlo 7.9 
Abderhalden (1) ······································ sheep 8.4 
Abderhalden (1) ...................................... swine 8.7 
Our determinations 
---···-···--····------------·---
swine 20.0 6.5 12.39 
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Pratt (3) for cattle. Hart et al (80) found serum calcium values of 20 to 25 
milligrams per 100 c.c. in cattle fed on a ration of timothy hay. 
A comparison of our results for calcium values in the blood of swine 
with those of various investigators for different animals is recorded in 
table 23. 
The distribution of the values for serum calcium obtained from our 
observations on normal swine is given in table 24. 
TABLE 24. Distribution of values for serum oalcitu,m in normal swine 
Mgms. per Number Percent- Mgms. per Number Percent-
100 c.c. of of deter- age total 100 c.c. of of deter- age total 
serum mina- no. deter- serum min a- no. deter-
tions mina- tions min a-
tions tions 
B elow 7 1 1.4 13-14 6 8.5 
7-8 2 2.8 14-15 10 14.0 
8-9 4 5.62 15-16 4 5.62 
9-10 12 17.0 ,,,. 16-17 3 4.22 
10-11 7 9.85 17-18 4 5.62 
11-12 6 8.5 18-19 2 2.8 
12-13 7 9.85 Above 19 3 4.22 
-
Forty-five per cent of the determinations averaged between 9 and 13 
milligrams of calcium per 100 c.c. of serum. 
CHOLERA-INFECTED BLOOD 
With the exception of the work reported by Roderick and Schalk (132) 
no reference in the literature could be found of studies dealing with the 
chemical constituents in the blood of swine infected with cholera. 
The results of the determinations have been arranged in four groups. 
The results recorded in Group 13 were from pigs which belonged to the 
Veterinary Research Department of Iowa State College. The results re-
eorded in Group 14 were from pigs belonging to the Experiment Station 
of the United States Bureau of Animal Industry. Those recorded in Groups 
15a and 15b were from pigs belonging to the Fort Dodge Serum Company, 
and were being utilized for the production of hog cholera virus. 
The blood samples, procured from pigs belonging to the Veterinary 
Research Department, were drawn about eleven days after the pigs were 
injected with hog cholera virus. Those from the Experiment Station of the 
United States Bureau of Animal Industry were obtained seven days after 
virus injections and the blood samples from the Fort Dodge Serum Com-
pany were obtained six days after the pigs were injected with cholera 
virus. In each case the animals were on a starvation metabolism basis for 
from three to eight days, as they usually cease to eat on the second or third 
day following the onset of the disease of cholera. 
Hog cholera r epresents a septicemia of swine, produced by a filtrable 
virus. The disease is always ushered in by an elevation of body tempera-
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ture, and not until two or three days afterward are other perceptible 
symptoms shown. In severe acute cases the temperature remains at an 
approximately uniform height, between 40° and 42°C., until death. One 
of the first indications of the presence of the disease is impairment of the 
appetite, which rapidly deve110ps into a complete anorexia. 
Total Non-protein Nitrogen 
The results of total non-protein nitrogen determinations in the blood 
of the different groups of cholera-infected swine are recorded in table 25. 
TABLE 25. Maxiwwm, minim;wm and mean val1ies for total non-protein nitrogen in the 
different gr()'IJ,ps of cholera-infected swine 
Group Number of Number of Mgms. per 100 c.c. of blood 
number animals determina-
tions Maximum Minimum Mean 
13 8 8 54.5 26.5 38.4 
14 19 19 225.0 21.7 55.4 
15a 8 8 73.1 27.7 46.1 
15b 19 19 60.0 11.7 34.5 
The average value for total non-protein nitrogen from 54 cholera-
infected pigs was 43.8 milligrams per 100 c.c. of blood, ranging from 11.7 
to 225 milligrams. Of these 54 cholera-infected pigs there were only two 
animals (numbers 12 and 21, original data) that had values over 75 milli-
grams of total non-protein nitrogen per 100 c.c. of blood. These animals 
had values of 225 and 202 milligrams, respectively. Both of these animals 
were in Group 14, which belonged to the Experiment Station of the United 
States Bureau of Animal Industry. 
It seemed advisable for statistical study to consider an average value 
without these results. Such a value was found to be 37.0, ranging between 
11.7 and 75.0 milligrams. 
There is evidence of a higher non-protein nitrogen value in hog cholera-
infected blood than in the blood of normal swine, which averaged 31.4 and 
ranged from 8.6 to 58 milligrams per 100 c.c. 
The distribution of the value of total non-protein nitrogen are given 
in table 26. 
TABLE 26. Distribution of total non-protein nitrogen values in the blood of cholera-
infected swilne 
Mgms. per Number P ercent- Mgms. of Number Percentage 
100 c.c. of of deter- age total 100 c.c. of of deter- total no. 
blood mina- no. deter- blood mina- determina-
tions min a- tions tions 
tions 
Below 20 2 3.75 50-60 6 11.1 
20-30 13 24.0 60-75 4 7.4 
30-40 16 29.6 Above 75 2 3.75 
40-50 11 20.4 
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Seventy-four per cent of the total number of determinations of total 
non-protein nitrogen in the cholera-infected blood were between 20 and 50 
milligrams per 100 c.c., whereas 76.6 per cent of the determinations on 
normal swine blood were between 20 and 40 milligrams per 100 c.c. Ap-
proximately 22 per cent of the determinations showed values over 50 milli-
grams per 100 c.c. of blood. 
Roderick and Schalk (132) divided their results into two groups, one 
group with total non-protein nitrogen above 50 milligrams and another 
group in which values did not go above 50 milligrams per 100 c.c. of blood. 
They concluded that the group showing values for non-protein nitrogen 
above 50 milligrams per 100 c.c. of blood had a nitrogen retention, whereas 
the other group was within the range of normal values. 
Urea Nitrogen 
The values obtained for urea nitrogen, the percentage of the total non-
protein nitrogen represented by the urea nitrogen and the values for urea 
in the blood of cholera-infected swine are given in table 27. 
TABLE 27. Maxim.win, minimum and mean values for urea nitrogen in milligrams per 
100 c.c. and percentage of total non-prQtein nitrogen and urea in the blood of different 
groups of cholera-infected swine 
Urea N Mgms. P ercentage total Urea 
per 100 c.c. non-protein nitro- Mgms. per 100 c.c. 
gen 
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13 8 8 6.0 2.4 4.3 19.0 6.7 11.8 13.0 5.2 9.2 
14 19 19 11.0 2.0 5.7 25.4 3.7 13.5 23.6 4.3 12.3 
15a 8 8 5.0 2.2 3.2 11.3 5.4 7.0 10.7 4.7 6.9 
15b 19 19 4.4 1.0 2.22 21.0 2.0 6.9 9.5 2.1 4.8 
The average value for urea nitrogen in the cholera-infected blood ob-
tained from 54 determinations on as many animals was 3.84 milligrams per 
100 c.c., with a minimum of 1 milligram and a maximum of 11 milligrams 
per 100 c.c. The urea nitrogen averaged 10 per cent of the total non-protein 
nitrogen, ranging from 2.8 per cent to 26.4 per cent. The urea averaged 
8.41 milligrams per 100 c.c. of blood, ranging from 2.1 to 23.6 milligrams. 
The average value of 3.84 milligrams of urea nitrogen per 100 c.c. for 
the cholera-infected blood is lower than the average of 7.7 milligrams per 
100 c.c. for the normal blood. The maximum of 11 milligrams per 100 c.c. 
for the cholera-infected blood is approximately one-half the value of the 
maximum for normal blood. 
The data present evidence of a lower urea nitrogen value for cholera-
infected pigs than for normal pigs. A lower value for urea nitrogen in 
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cholera-infected blood is difficult to explain inasmuch as there is evidence 
0£ an increase in the total non-protein nitrogen. 
Out results showed lower values £or urea nitrogen in the normal blood 
0£ swine than have been recorded by other investigators. Especially is this 
true in the group 0£ normal pigs that were slaughtered at the abattoir of 
Iowa State College. Such low urea nitrogen values might result from the 
handling 0£ the pigs during the twenty-four to thirty-six hours previous to 
slaughter. The still lower values 0£ urea nitrogen in the cholera-infected 
blood may represent simply an exaggeration of the condition which may be 
the cause of the low values in normal swine (i. e., starvation), since the 
cholera-infected pigs may be assumed to be in a state of starvation metabol-
ism £or a much longer period 0£ time than the abattoir group 0£ normal 
pigs. In addition, such a condition would be augmented by a high body 
temperature in the case 0£ the cholera-infected pigs. 
Roderick and Schalk (132) obtained higher values for urea nitrogen in 
one group of their cholera-infected pigs than was found in their normal 
pigs. 
The distribution of the urea nitrogen values found by us in cholera-
infected blood is shown in table 28. 
TABLE 28. Distribution of urea nitrogen values in the blood of cholera-infected swine 
M:gms. per 
100 c.c. of 
blood 
Below 2 
2-3 
3-4 
4-5 
5-6 
Number of 
determin-
ations 
9 
11 
10 
8 
5 
Percent-
age total 
no. de-
termin-
ations 
16.6 
20.4 
18.5 
14.8 
9.3 
Mgms. per 
100 c.c. of 
blood 
6-7 
7-8 
8-9 
9-10 
Above 10 
Number Percent-
of deter- age total 
mina- no. deter-
tions mina-
6 
1 
0 
3 
1 
tions 
11.1 
1.9 
0.0 
5.5 
1.9 
It will be noted that more than 90 per cent of the determinations of 
urea nitrogen in cholera-infected blood are below 7 milligrams per 100 c.c. 
Wakeman and Morrell (151) made determinations of total non-protein 
nitrogen and the individual non-protein nitrogenous components (urea, 
amino-acid, ammonia, uric acid and creatinine) of the blood of normal 
"Macacus rhesus" monkeys and similar animals with experimentally pro-
duced yellow £ever. They found that the uric acid, creatinine, rest nitro-
gen and ammonia were not constantly altered, although creatinine and rest 
nitrogen usually rose to a variable extent in the terminal stages of the dis-
ease. 
The constituents which were chiefly affected were the urea and amino-
acids. Amino-acid nitrogen rose rapidly in the terminal stages of the 
disease; urea nitrogen in some cases rose, but sometimes remained constant 
or fell. In any case the amino-acid nitrogen increased proportionately far 
more, and the urea nitrogen far less, than the total non-protein nitrogen. 
This was evidence that the power of the liver to deaminize amino-acids and 
to produce urea was greatly impaired or destroyed. This functional de-
rangement became apparently only during the last hours 0£ life. 
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Wakeman and Morrell (152) found that the amino-acids increased in 
both absolute amounts and in proportion to the non-protein nitrogen, while 
urea decreased in proportion to non-protein nitrogen. A few cases were 
found in which there was an absolute decrease in blood urea nitrogen. These 
changes were found to be terminal events and none of significance occurred 
during the early stages of the disease. The alterations observed were inter-
preted as resulting from a loss of liver function. No definite evidence of 
serious impairment of kidney function was observed, except a terminal 
anuria probably due to an extreme reduction of blood pressure. 
Uric Acid 
The results for the uric acid determinations, uric acid nitrogen, and the 
percentage of the total non-protein nitrogen represented by the uric acid 
nitrogen in the blood of different groups of cholera-infected swine are given 
in table 29. 
TABLE 29. Ma.ximwm, minimwm and mean values for uric acid and uric acid nitrogen 
Vn. milligrams per 100 c.o., and percentage of total non-protein nitrogen in the blood of 
different groups of cholera-infected swine 
,,,. 
Mgms. per 100 c.c. of blood Uric add nitrogen 
Percentage total 
i 
non-protein nitro· 
Uric acid Uric acid nitrogen gen 
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13 8 8 4.8 0.33 2.3 1.9 0.1 0.82 5.24 0.3 2.03 
14 19 19 6.6 0.32 3.1 2.2 0.1 1.02 10.0 0.33 3.0 
15a 8 8 9.2 0.26 1.53 3.0 0.08 0.5 7.1 0.2 1.17 
15b 19 19 3.7 0.14 0.77 1.2 0.04 0.24 3.2 0.12 0.8 
The average value for uric acid from 54 samples of cholera-infected 
blood was 1.92 milligrams per 100 c.c., ranging between 0.14 and 9.2 milli-
grams. For uric acid nitrogen the average value was 0.63 milligram per 
100 c.c., ranging between 0.08 and 3.0 milligrams. The uric acid nitrogen 
averaged 1.8 per cent of the total non-protein nitrogen and varied between 
0.12 and 10.0 per cent. 
The average of 1.92 milligrams of uric acid in the blood of cholera-
infected pigs is very close to the average of 1.95 milligrams for normal 
blood, although the range is somewhat greater in the cholera-infected blood. 
The distribution of our uric acid values in cholera-infected blood is 
given in table 30. 
Approximately 50 per cent of the uric acid values are between 0.2 and 
0.7 milligrams per 100 c.c. of blood. 
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TABLE 30. Distribution of uric acid values in the blood of cholerainfected swine 
Mgms. per Number of Percentage Mgms. per Number Percentage 
100 e.e. of determin- total no. 100 e.c. of of deter- total no. 
blood ations determina- blood mina· determina-
tions tions tiona 
Below 0.2 1 1.9 0.9-1.0 0 0.0 
0.2-0.3 6 11.0 1.0-2.0 3 5.6 
0.3-0.4 10 18.4 2.0-3.0 5 9.3 
0.4-0.5 4 7.5 3.0-4.0 6 11.0 
0.5-0.6 2 3.7 4.0-5.0 5 9.3 
0.6-0.7 5 9.3 5.0-6.0 2 3.7 
0.7-0.8 0 0.0 Above 6.0 3 5.6 
0.8-0.9 2 3.7 
Creatinine 
The results of the creatinine determinations and creatinine nitrogen in 
milligrams per 100 c.c. and percentage of total non-protein nitrogen for 
the blood of different groups of cholera-infected swine are reported in 
table 31. 
TABLE 31. Maximum, minimum and mean values for creatinine, creatinine nitrogfm, 
and percentage of total non-protein nitrogen in different groups of cholera-Vnfected blood 
Mgms. per 100 e.e. of blood Creatinine N 
-
Percentage total 
... 
non-protein nitro· 
., Creatinine Creatinine N gen 
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13 8 8 2.3 1.4 1.97 0.9 0.53 0.76 2.8 1.4 2.0 
14 19 19 2.5 1.1 1.7 0.94 0.4 0.63 3.2 0.4 1.6 
15a 8 8 4.1 2.0 2.7 1.6 0.8 1.02 4.3 1.36 2.73 
15b 19 19 3.0 1.6 2.3 1.1 0.6 0.86 11.7 1.5 3.2 
The average value for creatinine from 54 samples of cholera-infected 
blood was 2.21 milligrams per 100 c.c., ranging from 1.7 to 4.1 milligrams. 
The creatinine nitrogen averaged 0.79 milligrams per 100 c.c. and varied 
between 0.4 and 1.6 milligrams. The creatinine nitrogen averaged 2.36 per 
cent of the total non-protein nitrogen, ranging from 0.4 to 11.7 per cent. 
The average of 2.21 milligrams of creatinine per 100 c.c. of cholera-
infected blood is higher than the average of 1.6 found in the normal blood 
of swine. 
The distribution of the creatinine values in cholera-infected blood is 
given in table 32. 
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TABLE 32. Distribution of creatinine values in cholera-'intfected blood 
Mgms, per Number Percentage Mgms. per Number Percentage 
100 c.c. pf of deter- total no. 100 c.c. of of deter- total no. 
blood mina- determin- blood mina- determin-
tions ations tions ations 
Below 1.5 5 9.3 2.5-3.0 7 12.9 
1.5-2.0 14 25.8 3.0-3.5 3 5.7 
2.0-2.5 24 44.4 Above 3.5 1 1.9 
Approximately 70 per cent of the total number of determinations gave 
a value for creatinine between 1.5 and 2.5 milligrams per 100 c.c. of blood. 
Creatine Plus Creatinine 
The results of creatine plus creatinine dterminations in different 
groups of cholera-infected blood are recorded in table 33. 
TABLE 33. Maximum, mimMnum and mean values for creatine plus creatinine in the 
blood of different gr.o,,ups of cholera-infected swine 
Group Number of Number of Mgms. per 100 c.c. of blood 
Number Animals determina-
tions Maximum Minimum Mean 
13 8 8 15.0 4.1 8.2 
14 19 19 10.0 2.0 5.6 
15a 8 8 10.0 2.9 6.5 
15b 19 19 7.7 4.4 6.4 
The average value for creatine plus creatinine of 54 cholera-infected 
blood samples was 6.3 milligrams per 100 c.c., with a minimum of 2.0 and 
a maximum of 15.0 milligrams. 
The average value for creatine plus creatinine in cholera-infected blood 
is slightly higher than in normal blood and the variation is somewhat 
greater in the former. 
The distribution of our values of creatine plus creatinine in cholera-
infected blood are shown in table 34. 
TABLE 34. Distribution of creatine plus creatinine values in cholera-infected blood 
Mgms. per Number of Percentage Mgms. per Number of Percentage 
100 c.c. of determina- total no. 100 c.c. of determina- total no. 
blood tions determina- blood tions determina-
tions tions 
2-3 3 5.6 7-8 9 16.5 
3-4 1 1.9 8-9 2 3.7 
4-5 11 20.4 9-10 incl. 2 3.7 
5-6 4 7.5 I Above 10 3 5.6 
6-7 19 35.1 
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Sixty-three per cent of the values for creatine plus creatinine are be-
tween 4.0 and 7.0 milligrams per 100 c.c. of blood. 
Sugar 
The results of the blood sugar determinations in the blood of the vari-
ous groups of cholera-infected swine are shown in table 35. 
TABLE 35. Maa:imum, minimum and mean values for blood sug111r in various groups of 
cholera-infected blood 
Group Number of Number of Mgms. per 100 c.c. of blood 
number animals determina-
tions Maximum Minimum Mean 
13 7 7 200 80 107 
14 19 19 97 28 54 
15a 8 8 90 43 65 
15b 19 19 133 40 78 
The average value for blood sugar from 53 samples of cholera-infected 
blood was 71 milligrams per 100 c.c., with a minimum of 29 milligrams and 
a maximum of 200 milligrams. These values are definitely lower in the 
cholera-infected blood than in the normal blood. 
The distribution of the sugar values obtained by us in cholera-infected 
blood is shown in table 36. 
TABLE 36. Distribution of sugar values in cholera-infected blood 
Mgms. per Number of Percentage Mgms. per Number of Percentage 
100 c.c. of determina- total no. 100 c.c. of determina- total no. 
blood tions determina- blood tions determina-
tions tions 
Below 30 2 3.7 80-90 6 11.3 
30-40 3 5.6 90-100 4 7.5 
40-50 5 9.4 100-110 2 3.7 
50-60 6 11.3 110-120 3 5.6 
60-70 16 30.7 Above 120 2 3.7 
70-80 4 7.5 
Eighty-seven per cent of the determinations gave values under 100 
milligrams per 100 c.c. of blood. Approximately 50 per cent of the deter-
minations gave values between 60 and 90 milligrams of sugar per 100 c.c. 
of blood. 
Inorganic Phosphorus 
The results of the determinations for inorganic phosphorus in the blood 
of various groups of cholera-infected swine are reported in table 37. 
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TABLE 37. Maximum, miniwum and mean values for inorganic phosphorus in the blood 
of various groups of cholera-infected swine 
Group Number of Number of Mgme. per 100 c.c. of serum 
number animals determina-
tions Maximum Minimum Mean 
13 8 8 11.0 5.0 7.2 
14 19 19 14.0 4.6 7.4 
15a 8 8 9.0 5.1 6.6 
15b 19 19 6.4 4.0 5.0 
The average of 54 determinations of inorganic phosphorus gave a value 
of 6.44 milligrams per 100 c.c. of serum, with a minimum of 4.0 and a 
maximum of 14.0 milligrams. 
The distribution of the inorganic phosphorus values in cholera-infected 
blood is shown in table 38. 
TABLE 38. Distribution of the inorganic phosphorus values in the blood of cholera-
infected swine 
·" Mgms. per Number of Percentage Mgms. per Number of Percentage 
100 c.c. of determina- total no. 100 c.c. of determina- total no. 
serum tions determina- serum tions determina-
tions tione 
4-5 12 22.1 8-9 4 7.4 
5-6 22 41.0 9-10 4 7.4 
6-7 6 11.1 10-11 3 5.6 
7-8 1 1.8 Above 11 2 3.6 
The average value for inorganic phosphorus in cholera-infected blood 
is lower than that for normal blood. The lower value in cholera-infected 
blood may be due to less exercise and struggling on the part of the cholera 
pigs in the procedure of drawing the blood at the time of killing. 
Approximately 75 per cent of the determinations gave values for in-
organic phosphorus between 4.0 and 7 .0 milligrams per 100 c.c. of serum. 
Calcium 
The calcium value in the blood of various groups of cholera-infected 
swine are shown in table 39. 
TABLE 39. Maximum, minvmum and mean calcium values in the blood of various 
groups of cholera-infected swine 
Group Number of Number of Mgme. per 100 c.c. of serum 
number animals determina-
tions Maximum Minimum Mean 
13 8 8 19 13 15 
14 19 19 20 6 11.4 
15a 8 8 22 14 17.2 
15b 19 19 24 9 14.7 
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The average value for calcium from 54 samples of cholera-infected 
blood was 14 milligrams per 100 c.c. of serum. The values ranged between 
a minimum of 6 milligrams and a maximum of 24 milligrams. 
The average value for the calcium concentration in cholera-infected 
blood is higher than that obtained for normal pig blood. 
The distribution of the calcium values in cholera-infected blood is 
shown in table 40. 
TABLE 40. Distribution of the calcilum values in cholera-infected blood of sufine 
Mgms. por Number of P ercentage Mgms. per Number of Percentage 
100 c.c. of determina- total n-0. 100 c.c. of determina- total no. 
serum tions determina- serum tions determina-
tions tions 
Below 9 3 5.65 15-16 5 9.4 
9-10 2 3.6 16-17 3 5.65 
10-11 7 12.8 17-18 5 9.4 
11-12 2 3.6 18-19 2 11.3 
12-13 7 12.8 19-20 6 3.6 
13-14 8 15.0 Above 20 2 3.6 
14-15 2 3.6 
Approximately 48 per cent of the total number of determinations for 
calcium were between 9 and 14 milligrams per 100 c.c. of serum. 
NORMAL AND CHOLERA-INFECTED BLOOD COMPARED 
The data obtained from these studies were subjected to statistical 
analysis. The means of these constituents in both the normal and in the hog 
cholera-infected blood, with the probable error of each mean are shown in 
table 41. The table also shows the mean differences, the probable errors of 
the mean differences, and the ratio of each mean difference to its probable 
error. The ratios which are significant are indicated by italics. 
The mean value for total non-protein nitrogen in the cholera-infected 
blood was obtained by substituting arbitrary values for numbers 12 and 21 
(group 14) that would lie in the range between 11.7 and 75.0. 
In making these calculations the usual criterion of a significant dif-
ference was used, that is, if the mean difference is equal to or greater than 
three times the probable error of the mean difference the ratio is significant. 
It will be seen in table 41 that there is a significant mean difference 
in favor of cholera-infected blood in the concentration of total non-protein 
nitrogen. Roderick and Schalk ( 132) found the blood of cholera-infected 
pigs, drawn at various stages of the disease, was often normal as far as the 
total non-protein nitrogen was concerned. Some of the samples of blood 
showed moderate evidences of nitrogenous retention. Our · results indicate 
that certain cases showed markedly increased total non-protein nitrogen 
values. 
The mean urea nitrogen value is significant in favor of the normal 
blood. Roderick and Schalk ( 132) found an increase in urea nitrogen in 
the blood of one group of cholera-infected pigs, whereas in the blood of an-
TABLE 41. Comparison of certain chemical constituents in normal and cholera-infected blood of swine 
--
-
Normal swine Cholera swine 
·- -
Mean difference 
Number Number of (-) signifies 
Constiuents of deter- Means for normal de term~- Means for cholera mean difference is Ratio 
minations blood tions blood in favor of chol-
era blood 
Mgm. per 100 c.c. Mgm. per 100 c.c. 
Total non-protein nitrogen .. ·-·····- 74 31.89 ± 0.74 54 37.02 ± 1.234 -5.13±1.44 3.5 
Urea nitrogen .............................. 74 7.42 ± 0.43 54 3.84 ± 0.22 3.57 ± .48 7.4 
Uric acid 
------·-------------------------······ 
74 1.94 ± 0.10 54 1.92 ± 0.17 0.01 ± .24 0.07 
Creatinine 
----------------------··------------
74 1.69 ± 0.26 54 2.21 ± 0.09 -0.51±1.8 0.27 
Sugar 
··-··············--··-·····-··--------------
62 125.95 ± 9.43 54 71.38 ± 2.68 54.56 ± 9.8 5.56 
Inorganic phosphorus 
-----·······----
62 7.22 ± 0.15 54 6.4 ±0.2 0.82 ± 0.25 3.2 
Calcium 
--------------------------------·-······ 
62 12.39 ± 0.28 54 14.01 ± 0.36 -1.62 ± 0.46 S.49 
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other group the average value for this constiuent remained about the same 
as the value they obtained for normal swine blood. The lower mean values 
for urea nitrogen in cholera-infected blood which our data show may rep-
resent an exaggeration of the condition causing low urea nitrogen values 
in normal swine blood. 
'l'he mean value for uric acid is approximately the same for both kinds 
of blood. 
The mean value for creatinine is slightly higher for cholera-infected 
blood than it is for normal blood, but the ratio of the mean difference to its 
probable error is not great enough for the difference to be considered sig-
nificant. In other similar studies the mean difference might readily be 
higher for normal blood. 
There is a significant decrease in the mean sugar and phosphorus 
values, whereas the mean calcium value shows a significant increase in 
cholera-infected blood. 
The prolonged starvation metabolism may account for the decreased 
average value of sugar in cholera-infected blood. 
The decreased mean value of inorganic phosphorus in cholera-infected 
blood may be due in part to less resistance and struggling on the part of 
the pigs, in the operation of obtaining of blood as the animals are killed, 
and in part, the decreased values may be a factor of the disease. 
The increased mean calcium value in cholera-infected blood may be 
associated with the disease. 
The correlation coefficients between non-protein nitrogen, urea nitro-
gen, uric acid and creatinine in the blood of normal swine are recorded in 
table 42. 
TABLE 42. Correlations between certain chemical constituents in the blood of 74 
normal swine 
Total non-protein nitrogen 
Urea nitrogen 
Uric acid 
Urea nitrogen 
0.18 
Uric acid Creatinine 
-0.02 -0.13 
-0.37 -0.35 
-0.04 
According to Fisher's table Va ( 41) the correlation coefficient must 
be 0.2319 or greater to be significant when seventy-four animals are used. 
Thus it is seen in table 42 that there are but two significant correlations; 
one of -0.37 between uric acid and urea nitrogen and the other of -0.35 
between creatinine and urea nitrogen. A negative correlation between two 
variables indicates that an increase in one is accompanied by a decrease in 
the other. 
In table 43 the correlation coefficients between non-protein nitrogen, 
urea nitrogen, uric acid and creatinine in cholera-infected blood of swine 
are recorded. 
According to Fisher's table Va ( 41) when 54 animals are used the 
correlation coefficient must be 0.2732 or greater to be significant. 
A study of table 43 shows that in cholera-infected blood there is a 
significant correlation of 0.3 between urea nitrogen and uric acid, whereas 
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TABLE 43. Correlations between certain chemical constituents in the blood of 54 
cholera-infected swine 
Total non-protein nitrogen 
Urea nitrogen 
Uric acid 
Urea nitrogen 
0.19 
Uric acid 
O.Ql 
0.3 
Creatinine 
0.07 
0.04 
0.25 
in normal blood there is a significant negative correlation between the two 
constituents. 
The correlation between uric acid and creatinine of -0.25 is just be-
low the border line of the test for significance established by R. A. Fisher. 
However, such a coefficient is suggestive of a negative correlation between 
the two variables. 
The correlation coefficients between sugar, inorganic phosphorus and 
calcium in the blood of normal swine are given in table 44. 
TABLE 44. Correlations between sugar, inorganic phosphorus and calcilwm in the blood 
of 62 normal swine 
Inorganic phosphorus Calcium 
Sugar 0.57 -0.14 
Inorganic phosphorus -0.09 
Fisher's table Va ( 41) states that when 62 animals are used a correla-
tion coefficient of 0.25 is significant and that a correlation coefficient of 0.32 
is highly significant. 
The only significant correlation in table 44 is that of 0.57 between sugar 
and phosphorus. 
The correlation coefficients between sugar, phosphorus and calcium in 
the blood of cholera-infected swine are recorded in table 45. 
TABLE 45. Correlations between sugar, inorganic phosphorus and calcViim in the blood 
of 54 cholera-infected swine 
Inorganic phosphorus Calcium 
-0.22 Sugar 
Inorganic phosphorus 
-0.34 
- 0.22 
Referring to Fisher's table Va ( 41) the correlation coefficient must 
be 0.27 or greater to be significant when 54 animals are used. 
The only significant correlation presented in table 45 is that of 0.34 
between sugar and calcium. However, the negative correlation of -0.22 
between sugar and inorganic phosphorus, and the negative correlation of 
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-0.22 between inorganic phosphorus and calcium, are on the border line 
and suggestive of significance. In other words sugar and inorganic phos-
phorus show a tendency to vary in opposite directions as do also inorganic 
phosphorus and calcium in cholera-infected blood. 
SUMMARY 
A review of the literature dealing with the methods used in practical 
chemical analysis of blood is given, as well as a review of literature con-
cerning the normal concentration of the chemical constituents in human 
blood and the blood of domestic animals. 
The literature, which is limited, dealing with the chemical constituents 
of the normal blood of swine is noted.- One reference only was found that 
considered the chemical constituents of the blood of swine infected with 
hog cholera. 
The results of determinations of total non-protein nitrogen and com-
ponents (urea, uric acid, creatinine, creatine plus creatinine) , sugar, phos-
phorus and calcium in the blood of normal swine and in the blood of 
cholera-infected swine are reported. 
The results of 107 determinations of total non-protein nitrogen in the 
blood of 98 pigs gave an average value of 31.4 milligrams per 100 c.c., which 
is in fair agreement with the average values reported by other investi-
gators. 
The average value for urea nitrogen from 81 determinations of nor-
mal swine blood from 73 pigs was 7.7 milligrams per 100 c.c. This average 
is lower than average values recorded by other investigators for normal 
swine blood. ( 137, 58.) 
The average value of 1.95 milligrams per 100 c.c. for uric acid from 
78 determinations of normal swine blood from 71 pigs agrees with average 
values recorded for other species. Several investigators stated that they 
could find no uric acid in swine blood. 
Creatinine averaged 1.6 milligrams per 100 c.c. for 106 determinations 
of normal swine blood from 97 pigs, which is in agreement with other in-
vestigators. 
The average value of 128 milligrams of sugar per 100 c.c. for 72 de-
terminations on normal swine blood from 65 pigs is higher than the average 
recorded for swine by other investigators, but lower than some averages 
recorded for other species. 
Inorganic phosphorus averaged 7.26 milligrams per 100 c.c. of normal 
swine serum for 69 determinations from the blood of 61 pigs. This is higher 
than the average recorded for other species. 
An average of 12.39 milligrams of calcium per 100 c.c. of normal swine 
serum was obtained from 71 determinations from the blood of 63 pigs. 
Fifty-four determinations on cholera-infected blood from the same 
number of pigs gave the following averages: total non-protein nitrogen, 37 
milligrams per 100 c.c. of blood; urea nitrogen, 3.84 milligrams per 100 c.c. 
of blood; uric acid, 1.92 milligrams per 100 c.c. of blood; creatinine, 2.21 
milligrams p er 100 c.c. of blood; creatine plus creatinine, 6.3 milligrams 
per 100 c.c. of blood; sugar, 71 milligrams per 100 c.c. of blood; inorganic 
phosphorus, 6.4 milligrams per 100 c.c. of serum; and calcium, 14 milli-
grams per 100 c.c. of serum. 
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Seventy-four determinations on normal swine blood of total non-pro-
tein nitrogen, urea nitrogen, creatinine, and 62 determinations of sugar, 
inorganic phosphorus and calcium in normal blood and 54 determinations 
of each of these constituents in cholera-infected blood were used for statis-
tical analysis. 
There was found to be a significant mean difference for total non-
protein nitrogen in favor of cholera-infected blood. A significant mean 
difference for urea nitrogen in favor of normal blood was found. 
The mean value for uric acid was practically the same for both kinds 
of blood. 
The mean value for creatinine was slightly higher for cholera-infected 
blood than for normal swine blood. The creatine plus creatinine mean value 
is also higher for cholera-infected blood than for normal swine blood. 
There was a significant decrease in the sugar, and phosphorus mean 
values for cholera-infected blood as compared with normal blood. 
The mean value for calcium showed a significant increase for cholera-
infected blood as compared with the normal blood of swine. 
The data accumulated from the observations on normal and cholera-
infected blood were studied from the group standpoint. The methods used 
were recognized standard laboratory procedures. 
CONCLUSIONS 
The meager literature relative to the composition of the blood of ani-
mals offers only limited opportunity for comparison of the data recorded 
in this paper with that of similar investigations. · 
The concentration of total non-protein nitrogen in the normal blood of 
swine was found to have a somewhat wider variation than that recorded 
for other species. The average value of 31.4 milligrams of total non-protein 
nitrogen per 100 c.c. of blood agrees closely with the average value reported 
for other species. In some cases of hog cholera the total non-protein 
nitrogen may increase to a very high level, while in other and perhaps most 
cases of hog cholera, the total non-protein nitrogen concentration of the 
blood is not disturbed. 
Lower values were found for urea nitrogen in normal swine blood than 
were recorded by other investigators. These lower values, however, seemed 
for the most part restricted to the pigs slaughtered at the Iowa State Col-
lege abattoir. An explanation for these low urea nitrogen values may be 
the withholding of food and water from the animals for twenty-four to 
thirty-six hours previous to slaughter. The still lower values for urea 
nitrogen found in the cholera-infected pigs may represent a prolongation 
of a starvation metabolism. There is some evidence that certain physiologic 
properties of the liver were deranged, especially the properties relative to 
urea formation, and possibly to uric acid destruction. Perhaps the histo-
logic structure of the pig's liver lends itself to relatively easy derangement. 
Such a condition may be augmented in the disease of hog cholera. 
Several instances of extremely high sugar values in normal swine blood 
were encountered. It is possible that the same factors that result in low 
urea concentrations may be responsible for the abnormal blood sugar values. 
Only limited evidence was obtained which would indicate renal impair-
ment in hog cholera. The few instances of high total non-protein nitrogen 
• 
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values in the cholera-infected blood would indicate that there were nitrogen 
retentions in some cases. The slightly higher average value for creatinine 
in cholera-infected blood might suggest some renal impairment. 
A study of these data reveals the fact that in general most of the 
chemical constituents are subject to a wider variation in swine blood than 
in human blood. 
It is evident that a study of the composition of normal swine blood and 
cholera-infected blood of this nature is merely introductory to great possi-
bilities of future investigations. 
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This problem was undertaken with the object of determining whether 
an examination of the morphologic blood picture would be of value in the 
diagnosis of hog cholera. At present the most reliable laboratory method 
of making a positive diagnosis of hog cholera is by the inoculation of a 
susceptible pig with the suspect 's blood, which has been passed through a 
Berkefeld filter. In the field a diagnosis is made from the history, symp-
toms and general gross post-mortem lesions. 
The outstanding gross lesions of acute uncomplicated hog cholera are 
petechia or ecchymoses of the kidneys, lungs and, less frequently, of the 
liver. These lesions are found also in the upper respiratory passages, the 
bladder and the stomach. All lymph nodes are markedly congested, those 
of the mesenteric, cervical and submaxillary regions being most commonly 
observed. Not uncommonly a diseased animal dies from the peracute form 
of cholera with no apparent gross lesions manifested. In the acute, sub-
acute or chronic forms the primary lesions mentioned may be largely com-
plicated by lesions due to secondary infection. 
Few detailed studies have been made of the blood in swine diseases. 
In fact, there are relatively meager data available of either the chemistry 
or morphology of the blood of normal swine. Furthermore, there are no 
symptoms or gross pathologic lesions which may be regarded as strictly 
pathognomonic of hog cholera. In view of these facts and the extreme eco-
nomic importance of successfully controlling hog cholera, the most wide-
spread and fatal disease of swine, it was thought that comparisons of the 
morphologic characteristics of normal and cholera-infected blood of swine 
might prove of considerable significance. 
It is recognized that morphologic alterations in the blood are of diag-
nostic importance in certain diseases. If such proved to be the case in hog 
cholera, a laboratory blood examination might prove an extremely valuable 
adjuvant in the definite diagnosis of this disease where the gross lesions 
are not of such a nature to enable a positive diagnosis. 
REVIEW OF LITERATURE 
A review of the literature reveals few references concerning the mor-
phologic phases of normal swine blood. 
BLOOD OF NORMAL SWINE 
Erythrocytes 
Bethe (158) found 6,960,000 erythrocytes per c.mm. of blood to be an 
average for a limited number of pigs. Storch (182) made observations on 
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sixteen pigs which showed the following values for erythrocytes per c.mm. 
of blood. Five castrated males nine months of age averaged 8,432,000, and 
3 females, 9 months of age averaged 7,660,000. The average for the 8 pigs 
was 8,046,000. Four male pigs varying from 3 to 35 days of age averaged 
5,140,000 and 4 female pigs varying in age from 6 to 28 days averaged 
4,710,000. The average for these 8 pigs was 4,925,000, whereas the average 
for the group of 16 pigs was 6,485,000. 
It is noted that the older pigs showed higher counts than the younger 
pigs. It is interesting that in both groups the male animals showed higher 
counts than the females. 
Allumbaugh (157) reported that blood samples from 50 human in-
fants showed an average of 1,310,000 more erythrocytes per c.mm. than did 
the blood of their mothers. 
Giltner (162) found that the mean number of erythrocytes for 24 pigs, 
averaging four months of age, was 8,450,000 per c.mm. of blood. The counts 
ranged between 6,800,000 and 8,800,000 per c.mm. Regner ( 177) found 
3,632,000 erythrocytes was the average in suckling pigs. He stated that 
the count increased rapidly after weaning. 
Giitig ( 163) studied the effects of feeding and starvation on the cellu-
lar elements of swine blood. He found the erythrocyte counts in 13 normal 
pigs ranged from 2,900,000 to 7,080,000 per c.mm., with an average of 
5,921,000. Palmer (176) found that the mean for 25 pigs, between the ages 
of 2 and 42 days, was 3,855,000 erythrocytes per c.mm. of blood; whereas, for 
25 pigs weighing about 100 pounds the mean was 6,215,160 per c.mm. The 
counts were higher in the well nourished than in the poorly nourished pigs. 
Palmer ( 175) also studied the blood of 15 pigs and noted the effect of 
exercise on the number of erythrocytes. He found a mean count of 6,098,233 
per c.mm., exercise having produced no significant change. 
Liitje (170) found 8,250,000 erythrocytes per c.mm. to be the mean 
number in the blood of four pigs six weeks of age, and 8,590,000 in four 
older pigs. Senftleben ( 179) reported the erythrocyte counts in fifty nor-
mal swine ranged from 2,892,000 to 9,600,000. The mean for seventeen 
suckling pigs was 4,206,250, and 8,963,900 was the mean for 33 mature pigs. 
'fhe mean for the entire group was 7,346,380 per c.mm. Senftleben found 
the average count was 7,200,000 at four months of age. This remained con-
stant until about the fourth year, when it dropped to 6,300,000 per c.mm. 
He stated that th~ variations found were due to such factors as age, sex, 
types·<Jf feed, time of feeding and time of bleeding. He also found that the 
young males had a higher count than the young females, and he further 
stated that pigs were born with a very low erythrocyte count as compared 
to human infants. 
Welsch (185) found the average number of erythrocytes in 5 male and 
5 female pigs was 7 ,440,000 per c.mm., with the males 300,000 higher than 
the females. Naujek (174) reported 7,200,000 red corpuscles as the aver-
age number for swine. Hikmet (164) reported the erythrocyte count ranged 
from 6,280,000 to 7,736,000, with a mean of 7,256,800 per c.mm. in five 
animals. 
King and Wilson ( 166) made erythrocyte counts on 43 normal pigs and 
found them to range from 4,000,000 to 9,360,000, with a mean of 6,458,000 
per c.mm. of blood. Dinwiddie ( 160) observed 15 pigs and found that the 
red corpuscles varied between 2,090,000 and 9,000,000, with an average of 
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6,348,600 per c.mm. Lewis and Shope (169) found that the red corpuscle 
counts fluctuated between 6,500,000 and 7 ,500,000 per c.mm. in 8 normal 
pigs. In a later report the same authors ( 168) found that the erythrocytes 
in the blood of 6 pigs ranged from 6,569,000 to 7,220,000, with an average 
of 6,825,160 per c.mm. 
W etzl ( 186) and Marloff ( 171) reported erythrocyte counts that 
agreed closely with those presented by other investgators. 
Hemoglobin 
References to the hemoglobin content of swine blood are meager. 
Miiller ( 173) made hemoglobin determinations, using a spectroscopic 
method. He found 13.71 grams of hemoglobin per 100 c.c. of blood in one 
pig three years of age, 13.52 grams in one pig four years of age, and 13.26 
grams as the average for three pigs one year of age. Giltner ( 162), using 
the Tallquist's method, found the minimum hemoglobin content of swine 
blood was 80 per cent, the maximum 100 per cent and the average 88 per 
cent in 24 pigs. Palmer (176), using a Sahli hemoglobinometer, found that 
the average hemoglobin content was 79.4 per cent in older pigs as compared 
to 56.8 per cent in younger animals. There were 25 pigs in each group. 
Welsch ( 185) found an average of 16.8 grams of homeglobin per 100 
c.c. of blood in males and 15.4 grams in females. Regner (177) reported 
the hemoglobin content was 30 per cent in suckling pigs. This increased 
very rapidly after weaning, as did also the erythrocyte count. Senftleben 
(179), using a Sahli hemoglobinometer, reported an average of 53 per cent 
for 17 suckling pigs and 91 per cent for 33 mature pigs. The average for 
the group was 72 per cent. Hikmet (164) found the hemoglobin content 
averaged 92 per cent in five pigs. 
Allumbaugh ( 157) found the blood of 50 human infants contained 
5.95 grams more hemoglobin per 100 c.c. than did the blood of their mothers. 
King and Wilson (166), using a Dare hemoglobinometer, found the 
hemoglobin varied between 78 and 100 per cent, with an average of 83.06 
per cent. Lewis and co-workers (167) found the hemoglobin content was 
80 and 90 per cent, respectively, in two pigs. 
Leucocytes 
Bethe (158) gave 7,840 leucocytes per c.mm. of blood as the average 
for the blood of normal swine. Storch (182) reported an average of 11,490 
leucocytes per c.mm. in six young pigs. Giltner (162) studied 24 normal 
animals and found wide variations in the total and differential leucocyte 
counts. His results are as follows: total leucocyte count showed a mean of 
19,000, with a maximum of 25,000 and a minimum of 9,500. The differen-
tial counts gave a mean for lymphocytes of 51.6 per cent, with a maximum 
of 79.8 per cent and a minimum of 30 per cent, mononuclears averaged 4.6 
per cent, with a maximum of 10 per cent and a minimum of 4.6 per cent, 
polymorphonuclears averaged 37 per cent, with a maximum of 60 per cent 
and a minimum of 13 per cent, eosinophils averaged 5.2 per cent, with a 
maximum of 11 per cent and a minimum of 5.2 per cent, mast cells averaged 
1.3 per cent, with a maximum of 5.6 per cent and a minimum of 1.3 
per cent. 
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There is a wide range in the total number of leucocytes. A significant 
feature is that the lymphocytes outnumber the polymorphonuclears. 
Palmer (176) gave 18,320 leucocytes per c.mm. in older pigs, compared 
with 13,500 for younger pigs. Each group consisted of 25 pigs. The average 
for the two groups was 15,910. The older group showed 52.21 per cent 
lymphocytes, 39.79 per cent polymorphonuclears, 0.79 per cent mono-
nuclears, 3.42 per cent eosinophils and 0.79 per cent basophils. The younger 
group showed 63.25 per cent lymphocytes, 32.14 per cent polymorpho-
nuclears, 2.63 per cent mononuclears, 1.29 per cent eosinophils and 0.25 per 
cent basophils. The averages for the two groups were: lymphocytes 57.73 
per cent, polymorphonuclears 33.98 per cent, mononuclears 1.71 per cent, 
eosinophils 2.35 per cent, and basophils 0.52 per cent. 
Here again a significant fact is that the lymphocytes outnumber the 
polymorphonuclears. The lymphocytes are higher in the younger than in 
the older pigs. The polymorphonuclears are higher in the pigs of the older 
group. 
Senftleben (179) made seventeen counts on suckling pigs and found 
the leucocytes ranged from 8,850 to, in one case, 40,400, with an average, 
however, of 13,900 per c.mm. The counts on 33 mature pigs ranged from 
12,000 to 29,000, with an average of 20,200. The significant features of his 
observations are as follows: the lymphocytes averaged 55.92 per cent, with 
a maximum of 69.75 per cent and a minimum: of 24 per cent. The mono-
nuclears averaged 3.43 per cent, with a maximum of 6.25 per cent and a 
minimum of 1.25 per cent. The polymorphonuclears averaged 38.03 per 
cent, with a maximum of 92 per cent and a minimum of 25 per cent. The 
eosinophils averaged 1.89 per cent and varied between 0.0 and 8.25 per-
cent. The basophils averaged 0.93 per cent and varied between 0.0 and 
2.25 per cent. 
These results also showed that the lymphocytes constituted the majority 
of the total leucocytes. Senftleben stated that there was little essential 
difference in the morphology of the leucocytes of human, · swine and horse 
bloods. He also stated that it was often difficult to differentiate between 
the lymphocytes and mononuclears in blood from animals of the same 
species. 
Regner (177) reported that the total and differential leucocyte counts 
varied greatly in periods of feeding and starvation, and that sex and age 
were also responsible for variations. 
Welsch ( 185) found the average leucocyte count of 5 male and 5 female 
pigs was 17 ,120 per c.mm. The count was slightly higher in the males than 
in the females. A differential count on these pigs revealed that the lympho-
cytes constituted 48 per cent, monocytes 8 per cent, neutrophils 43 per 
cent and basophils 1 per cent. 
Hikmet (164) reported 17,197 leucocytes per c.mm. of blood as the 
average for five animals. This investigator found the lymphocytes consti-
tuted 60.2 per cent of the total number of leucocytes, mononuclears 2.3 per 
cent, polymorphonuclears 31.l per cent, eosinophils 5.5 per cent and baso-
phils 0.9 per cent. 
Giitig (163) studied the blood of 13 pigs and found marked variations 
in the total and differential counts. These findings showed for the total 
leucocyte count .a. mean of 21,500, with a maximum of 40,000 and a mini-
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mum of 10,000. The mean for the lymphocytes was 42.0 per cent, with a 
maximum of 65 per cent and a minimum of 21 per cent. The mononuclears 
averaged 3 per cent, with a maximum of 5 per cent and a minimum of 3 
per cent. The polymorphonuclears averaged 52 per cent, with a maxi-
mum of 62.5 per cent and a mjnimum of 32 per cent. The eosinophils aver-
aged 2 per cent and varied from 0.0 to 6.6 per cent. The basophils averaged 
2 per cent and varied from 0.0 to 6.0 per cent. 
The interesting feature of these results is that the polymorphonuclears 
form a greater proportion of the total number of leucocytes than do the 
lymphocytes. A wide range was found in the total number. 
Llitje (170) reported 14,890 leucocytes per c.mm. of blood in pigs six 
weeks of age, compared with 18,600 for an older group. Differential counts 
were made on 22 pigs. His results were as follows: lymphocytes averaged 
31 per cent and ranged between 37 per cent and 48 per cent, polymorpho-
nuclears averaged 55.6 per cent and ranged between 48 and 60 per cent, 
eosinophils averaged 3.3 per cent and ranged between 0.0 and 10 per cent, 
basophils averaged 1 per cent and ranged between 0.0 and 4 per cent, 
transitionals averaged 4.7 per cent and ranged between 0.0 and 11 per cent. 
It is interesting that this investigator found a larger number of poly-
morphonuclears than lymphocytes. In this respect Llitje agreed with Gutig. 
King and Wilson ( 166) re rted wide variations in cells of the leuco-
cyte series, as observed in 43 normal pigs. A summary of their results is 
as follows: the total leucocyte count averaged 19,982, with a maximum of 
29,000 and a minimum of 10,070; the lymphocytes averaged 54.2 per cent, 
with a maximum of 78 per cent and a minimum of 27.1 per cent; the large 
mononuclears averaged 3.7 per cent and varied between 0.0 and 22.1 per 
cent; the polymorphonuclears averaged 35.8 per cent, with a maximum of 
72.2 per cent and a minimum of 16 per cent; the eosinophils averaged 4.5 
per cent, with a maximum of 12.4 per cent and a minimum of 0.7 per cent; 
the transitionals averaged 0.4 per cent and varied from 0.0 to 4 per cent; 
the mast cells averaged 0.7 per cent and varied from' 0.0 to 2.5 per cent. 
It is seen that there is a wide variations in the total leucocyte counts. 
The lymphocytes here also form the greater part of the total number. 
Dinwiddie (160) made observations on 16 pigs which he considered 
normal. The results of his work were as follows: the total leucocyte count 
averaged 11,840, with a maximum of 17,600 and a mean of 7,000. The mono-
nuclears averaged 58 per cent, with a maximum of 77 per cent and a mini-
mum of 38 per cent. The polymorphonuclears averaged 35 per cent, with a 
maximum of 75 per cent and a minimum of 24 per cent. The transitionals 
averaged 2.9 per cent and varied from 0.0 to 6 per cent. The eosinophils 
averaged 4 per cent and varied from 0.0 to 10 per cent. The mast cells 
averaged 0.0 per cent and varied from 0.0 to 2 per cent. 
The total leucocyte count is lower than that given by most other in-
vestigators. Cells of the m:onoculear type form the greater part of the total. 
In a study of eight normal pigs Lewis and Shope ( 169) found the 
leucocyte count varied between 14,000 and 24,000 per c.mm. of blood. A 
later report by Lewis and Shope ( 168) gave 17 ,860 leucocytes as the aver-
age for six pigs. They also found 15 normal animals taken from the field, 
fluctuated between 14,000 and 26,500, with a mean of 21,800 leucocytes per 
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c.mm. Another group of 24 pigs from different herds showed counts be-
tween 19,000 and 35,000, with an average of 24,600 per c.mm. 
Percentage of Corpuscles in Blood 
No reference was found in the literature concerning the percentage of 
corpuscles to plasma in swine blood. Howell (165, p. 420) stated that the 
proportion of corpuscles to plasma was 1 to 2. Smith (181, p. 4) stated 
that the plasma as a rule formed 66 per cent of the blood by volume. Ac-
cording to Starling ( 181, p. 685) plasma makes up 50 to 60 per cent of the 
total volume in normal human blood; about 55 per cent in horse blood; 
and 35 per cent in dog blood. 
BLOOD OF CHOLERA-INFECTED SWINE 
Erythrocytes 
King and Wilson (166) reported the red corpuscles ranged from . 
2,800,000 to 9,056,000 per c.mm. of cholera-infected blood. The mean for 
22 blood samples from cholera-infected pigs was 5,840,000 compared to 
6,548,000 in the normal pigs they observed. Dinwiddie (160) examined 7 
cholera-infected pigs and the erythrocytes ranged from 2,500,000 to 7 ,100,-
000 per c.mm. of blood. The average was 5,535,000 compared to 6,384,600 
which he found in a normal group. 
Lewis and co-workers (167) found 6,282,000 red blood corpuscles in 
a pig the day following inoculation with hog cholera virus and on the six-
teenth day 3,480,000. Another pig ' that showed 5,740,000 the day before 
inoculation dropped to 2,000,000 on the fourteenth day following inocula-
tion. 
Naujek (174) stated that in light forms of the disease there was no 
change in the number of red corpuscles, but in acute or chronic forms of 
the disease the number dropped to as low as 3,000,000 per c.mm. Recent 
work of Lewis and Shope ( 169) showed that there was a slowly progressive 
anemia in hog cholera. One pig cited as typical of a group of eight was 
found to drop from 6,560,000 the day of inoculation to 5,875,000 on the 
eleventh day following and to 4,575,000 the twentieth day after inoculation. 
Later work reported by the same authors ( 168) confirmed the first report 
of a slight anemia. Five field cases of hog cholera averaged 4,913,000 ery-
throcytes per c.mm. of blood. Six experimental pigs averaging 6,825,000 
erythrocytes per c.mm. before inoculation showed a decrease early in the 
disease. 
Thorpe and Graham (183) found counts which ranged from 1,970,000 
to 3,950,000, with an average of 2',886,000 in five cholera-infected pigs. 
Cases of hog cholera with complications likewise showed anemia. 
Hemoglobin 
King and Wilson (166) found the hemoglobin content in 22 cholera-
infected pigs varied between 50 and 80 per cent, with a mean of 72.06 
per cent. Lewis and co-workers (167) found the hemoglobin content was 
80 and 90 per cent, respectively, in two cholera-infected pigs. Naujek (174) 
found that the hemoglobin dropped as low as 40 per cent in severe acute or 
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chronic cases of hog cholera. He also stated that the relationship between 
the hemoglobin content and erythrocyte count remained quite constant. 
Leucocytes 
Regner ( 177) found that leucopenia occurs rapidly in hog cholera. 
Liitje (170) reported that a lymphocytosis occurred late in the disease. 
King and Wilson (166) noted a leucopenia in the 22 pigs studied. The re-
sults of their observations were as follows: the total leucocyte count aver-
aged 15,515, with a maximum of 22,800 and a minimum of 7,200; the 
lymphocytes averaged 50.3 per cent, with a maximum of 74.2 per cent and 
a minimum of 16.3 per cent; the mononuclears averaged 10.5 per cent, with 
a maximum of 42 per cent and a minimum of 0.9 per cent; the polymorpho-
nuclears averaged 31.8 per cent, with a maximum of 70 per cent and a 
minimum of 13.6 per cent; the eosinophils averaged 3.5 per cent and varied 
from 0.0 to 16 per cent; the basophils averaged 0.8 per cent and varied 
from 0.0 to 8.5 per cent; the transitionals averaged 3.5 per cent and varied 
from 0.0 to 18.1 per cent. 
From these :figures it can be seen that there are wide variations in the 
various counts, a.s is also true in the normal animals. The lymphocytes con-
stitute the greater part of the otal number of leucocytes. These authors 
state that a leucopenia was present in all cholera-infected pigs. The average 
decrease of leucocytes from the normal was 5,000 per c.mm. of blood. The 
average percentage of mononuclears was greater than in normal animals. 
Dinwiddie (160) made observations on 13 cholera-infected pigs. His 
:findings were as follows : the total leucocyte count averaged 6,509, with a 
maximum of 16,500 and a minimum of 1,800; the mononuclears averaged 
56 per cent, with a maximum of 80 per cent and a minimum of 20 per cent; 
the polymorphonuclears averaged 35 per cent, with a maximum of 72 per 
cent and a minimum of 6 per cent; the transitionals averaged 7 .3 per cent 
and varied from 0.0 to 16 per cent; the eosinophils averaged 6 per cent and 
varied from 0.0 to 10 per cent; the basophils averaged 1.1 per cent and 
varied from 0.0 to 2 per cent. 
The total leucocyte count is much lower than for the normal. The 
mononuclear type cells make up the largest part of the total number. The 
transitional forms are increased markedly over the number in normal pigs. 
Dinwiddie ( 160) described the transitional forms as those cells with 
irregular nuclei and with the cytoplasm showing a tendency to take eosin 
rather than basic stains. Many transitional or atypical forms were found 
very early in the course of the disease. He also stated that a leucopenia was 
present early in the disease. 
Lewis and co-workers (167) inoculated two animals with hog cholera 
virus. One showed 20,000 leucocytes per c.mm. and the other 7 ,000, on the 
fourteenth day following inoculation. Naujek (174) stated that the leuco-
cyte count decreased rapidly in cholera-infected pigs. He found that the 
lymphocytes increased and the polymorphonuclears decreased. 
Lewis and Shope (169) found that leucocyte counts of 14,000 to 24,000 
per c.mm. dropped to about 4,000 in twenty-four to forty-eight hours after 
the inoculation of pigs with hog cholera virus. If the disease developed a 
chronic course the count increased up to 8,000 or 10,000 by the seventeenth 
day. These authors stated that the :field cases of hog cholera observed 
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ranged from 960 to 9,550 leucocytes per c.mm. of blood, with an average 
of 5,500. They concluded that a leucocyte count of 8,000 per c.mm. or less 
in three sick animals in a suspected herd indicated clearly that the condi-
tion was hog cholera. They further stated that hog cholera was the only 
acute infectious disease of swine characterized by a leucopenia. 
Lewis and Shope made erythrocyte and leucocyte and differential 
counts on a pig before inoculation with hog cholera virus with the follow-
ing results: erythrocytes 6,560,000; total leucocytes 23,700; polymorpho-
nuclears 4,977 ; eosinophils 1,659 ; basophils none; lymphocytes 16,590; and 
mononuclears 474. On the seventh day after inoculation the following re-
sults were obtained: erythrocytes 5,830,000; total leucocytes 4,340; poly-
morphonuclears 1,606 ; eosinophils none; basophils none; lymphocytes 
2,387 ; mononuclears 304; and questionable cells 43. On the thirteenth day 
after inoculation the erythrocytes numbered 5,000,000; the total leucocytes 
2,900; the polymorphonuclears 145; the eosinophils 29; the basophils none; 
the lymphocytes 2,349; the mononuclears 377. On the twentieth day after 
inoculation the erythrocytes were 4,575,000; the total leucocytes 2,320; poly-
morphonuclears 70; eosinophils none; basophils 23 ; lymphocytes 2,065; 
mononuclears 162. 
They state that these results, taken from one animal, are typical of 
the findings in eight pigs. A marked leucopenia and a moderate anemia 
may be noted. The percentage of polymorphonuclears is reduced more than 
that of the lymphocytes. The percentage of mononuclears increased during 
the course of the disease. 
Lewis and Shope ( 168) later reported another study of cholera-infected 
blood. Six animals were inoculated with the virus of hog cholera. Five of 
these showed a leucopenia in 48 hours. By the time the temperature r e-
action appeared, leucocyte counts were as low as 2,000 to 4,000 per c.mm. 
of blood. The number of leucocytes began to increase slowly in 8 to 13 days 
if the animal did not die. Their observations on two animals before and 
after inoculation with the virus of hog cholera are as follows: in 
animal No. 432 before inoculation the total leucocyte count was 17 ,440; 
polymorphonuclears 30.5 per cent; eosinophils 8.5 per cent; basophils 1.5 
per cent; lymphocytes 54.7 per cent; mononuclears 4 per cent. Nine days 
after inoculation the total leucocyte count was 2,900; polymorphonuclears 
32 per cent; eosinophils and basophils none; lymphocytes 58 per cent; 
mononuclears 8 per cent; and endothelial cells 0.2 per cent. 
In another animal, No. 434, before inoculation the total leucocyte count 
was 23,700; the polymorphonuclears 21 per cent; eosinophils 7 per cent; 
lymphocytes 70 per cent; and mononuclears 2 per cent. Nine days after 
inoculation the total leucocyte count was 3,440; the polymorphonuclears 
20.9 per cent; lymphocytes 66.1 per cent; mononuclears 9 per cent; and 
endothelial cells 0.9 per cent. 
The significant features of the above data are the marked leucopenia 
and the increase in mononuclear leucocytes. · 
Thorpe and Graham ( 183) found that 7 ,300 leucocytes per c.mm. of 
blood was the average in 25 pigs that showed lesions of hog cholera. Five 
uncomplicated cases of the disease averaged 8,700 per c.mm. One of these 
cases, however, showed a count of 22,500. They also stated that 17 cases of 
complicated hog cholera gave an average leucocyte count of 5,600 per c.mm. 
., 
. ' I 
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MATERIALS AND METHODS 
ANIMALS USED 
The samples of normal blood were collected from various groups of 
pigs. Thirty samples were taken from pigs killed at the Iowa State College 
abattoir. Twenty-five of the samples were taken from animals that were 
the property of the Animal Husbandry Department, Iowa State College. 
Seven samples were procured from pigs belonging to the Department of 
Veterinary Research, Iowa State College. These pigs were normal so far as 
could be determined by a clinical examination. They ranged in weight from 
50 to 320 pounds, about 50 per cent of the number weighing between 175 
and 225 pounds. 
The samples of cholera-infected blood were obtained from pigs that 
had been injected with hog cholera virus six to twelve days previously. 
These animals weighed between 40 and 90 pounds. All of the animals were 
autopsied to confirm the diagnosis of hog cholera. Twenty-eight blood 
samples were procured from pigs belonging to the Fort Dodge Serum Com-
pany. Seventeen of the blood samples were from animals that were the 
property of the United States Bureau of Animal Industry Experiment Sta-
tion at Ames, Iowa. Ten of the blood samples were from animals that be-
longed to the Department of Veterinary Research, Iowa State College. 
BLOOD SAMPLES 
Approximately 50 per cent of the blood samples were obtained by ear 
puncture, the counting and hemoglobin pipettes being filled immediately. 
Smears for differential counts were also secured at the same tjme. About 
5 per cent of the samples were obtained by tail bleeding. The balance were 
obtained when the animals were killed by throat bleeding. In the latter 
two methods larger amounts of blood were taken and coagulation pre-
vented by sodium citrate. The pipettes were filled and the smears made at 
the laboratory from the citrated blood. 
The samples of cholera-infected blood were collected at the time that 
the pigs were killed in the procedure for the production of hog cholera 
virus. ]Jighty-five per cent of the cholera-infected blood samples were col-
lected by throat bleeding, the remainder were taken direct from the ear vein 
before slaughter. Coagulation in the blood samples obtained by throat 
bleeding was prevented by sodium citrate. 
BLOOD COUNTING 
Toisson 's fluid was used as the diluent for counting erythrocytes. A 
few samples were counted in a 1-100 dilution, but the majority in a dilution 
of 1-200. The diluting fluid for the leucocytes consisted of a one per cent 
solution of acetic acid to which a small amount of gentian violet was added. 
In ten of the leucocyte counts dilutions of one to ten were used. In the 
remainder the blood was diluted one to twenty. 
The American standard hemocytometer pipette was employed. The 
counting chambers were the improved Neubauer type. 
The smears were air dried and stained with Wright's stain (Griibler's). 
The leucocytes were counted under the oil-immersion objective. Approxi-
mately 175 cells, on various parts of the field, were observed and recorded. 
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A microscope equipped with a mechanical stage was used so that the fields 
once counted would not be duplicated. 
CLASSIFICATION OF LEUCOCY'l'ES 
Few investigators gave descriptions of cells of the leucocytic series 
in swine blood. The general descriptions given by Dinwiddie ( 160) , Senft-
leben (179), Giitig (163), Giltner (162), and Palmer (176 ) are referred to. 
Senftleben ( 179) stated that there were no essential differences be-
tween the cells of swine blood and those of the human blood. He stated 
that the polymorphonuclear leucocytes were cells, somewhat circular in 
shape, 10.2 to 13.3µ. in diameter. He further stated that the nucleus formed 
about one-third of the entire cell. The cytoplasm was described as similar 
to a pale pink veil and the nucleus appeared to lie on top of the cytoplasm. 
Dinwiddie (160) stated that the polymorphonuclears did not show a 
distinct granulation. Giitig (163) noticed less deviation in the size of the 
polymorphonuclear cells of pig blood than in those of human blood. He 
also found that the cytoplasm stained red, in contrast to the pink color in 
the same type of cell of human origin. Palmer (176) stated that the sev-
eral lobes of the nucleus nearly always assumed the shape of a spiral cord. 
Giltner (162) stated that if the time of staining was not carefully controlled 
the cell could not be often detected. Burnett (169, p . 36) stated that the 
nucleus was coarsely reticular, and that the small pin point like granules 
in the cytoplasm had a slight affinity for acid stains. 
Giitig (163) and Senftleben (179) described the eosinophilic leucocytes 
as cells 10.5 to 13.75µ. in diameter. The cytoplasm was filled with large, 
shiny, red granules and the nucleus consisted of one or two lobes, more 
frequently two. Giltner (162) and Palmer (176) found in most cases a 
wide band connecting the two lobes of the nucleus. Giltner (162) stated 
that the granules of the cytopl.asm were not as large, but were more numer-
ous than those in the eosinophils of horse blood. 
Senftleben (179) and Giitig (163) stated that the basophilic leucocytes 
were 10.8 and 15.3µ. in diameter. The nuclei were similar to those of the 
eosinophils in shape, but did not stain as deeply. The granules were large 
and distinctly basophilic. Giitig (163) found that these granules were sol-
uble in aqueous or acid staining solutions. Dinwiddie (160) stated that 
these cells were often as numerous as the eosinophils. 
According to Senftleben ( 179) there was no distinct difference between 
the monocytes and the lymphocytes. The mononuclear leucytes had light 
staining nuclei, which were round, horseshoe or bean-shaped. They some-
times showed the degree of polymorphism seen in the eosinophils. The cyto-
plasm of the mononuclear leucocytes constituted a wider zone than in the 
large lymphocytes. The cytoplasm was a slate gray as contrasted with 
the dark blue or blue-green color of the lymphocytes. Giltner (162) also 
stated that the mononuclears were similar to the large lymphocytes. The 
nuclei were described as medium in size, bean-shaped and light blue in color. 
Palmer (176 ) stated that the mononuclears were usually about the 
same size as the large lymphocytes, but occasionally they were five times the 
diameter of an erythrocyte. He stated that the differential features to be 
observed were: first, the great size of some of the cells; and second, the 
lighter staining nuclei and larger amount of visible cytoplasm as compared 
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to the lymphocytes. According to Burnett (159, p. 35) these cells were 
usually about twice the diameter of the erythrocytes. The nucleus, ·usually 
situated to one side of the cell, occupied about one-half of the entire cell. 
He also stated that both the cell body and nucleus were finely reticular 
and stained less deeply than the lymphocytes. 
Dinwiddie (160) stated that the majority of the lymphocytes were 
about twice the diameter of erythrocytes. Giltner (162) divided the lympho-
cytes into two groups. The smaller cells were 8.5p. in diameter and the 
larger ones 11 to l4p. in diameter. The nucleus of the lymphocyte occupied 
relatively much less of the entire cell in the large type than in the small 
type. Burnett ( 159, p. 35) stated that the nucleus occupied nearly all of 
the cell mass. Both nucleus and cell body were coarsely reticular. He 
stated that with Wright's stain the nucleus was dark blue and the cytoplasm 
was a blue-green color. 
The descriptions of the leucocytes in normal human blood as given by 
Downey (161, p. 570-573), Schilling (178, p. 125-133), Maximow (172, p. 
61-66), and Todd and Sanford (184, p. 284-297) were studied. From these 
descriptions a classification was adopted and used throughout this inves-
tigation. 
This classification is based upon the reaction of the leucoeytes to 
Wright's stain. The classificat10n is as follows: the polymorphonuclear 
leucocytes, which are also called heterophilic leucocytes, neutrophilie leuco-
cytes or neutrophilic granulocytes, are cells with typical U, S or other odd 
shaped nuclei. The nuclei stain deeply with Wright's stain. The cytoplasm 
is faint pink in color, due to the granules having a weak affinity for acid. 
'I'hese cells are from one and one-half to two times the diameter of the red 
blood corpuscles. 
The eosinophilic leucocytes or eosinophilic granular leueocytes are 
somewhat larger than the polymorphonuclear leueocytes. They have a poly-
morphic nucleus which is usually of two lobes. Large red granules are pres-
ent in the cytoplasm, which make these cells easy to identify. 
The cells commonly called basophils, basophilic leucocytes or mast cells 
are generally about the same size as the eosinophils, although they may be 
larger. The nuclei are polymorphic, but do not stain as deeply as those of 
the other granulocytes. The granules appear smaller than those of the 
eosinophils and take an intense basic stain. The nuclei are often obscured 
by the granules. 
Lymphocytes are frequently divided into three groups according to 
size. Some authors classify the cells containing a single nucleus as large 
and small lymphocytes. Some classify these cells as lymphocytes and mono-
cytes, whereas others class them into one group and designate them either as 
lymphocytes or monocytes. In this work the cells containing a single nucleus 
a.re classified as large or small lymphocytes, and mononuclear leucocytes. 
Small lymphocytes are those mononuclear cells that range in size from 
one-half to the full diameter of an erythrocyte, and often to the size of a 
normal polymorphonuclear leucocyte. With Wright's stain the nuclei ap-
pear as solid dark masses in which the outline of the chromatin cannot be 
detected. Often no cytoplasm can be seen, but when observed it is a deep 
blu~ or blue-green color. No sharp line is drawn regarding the shape of 
the nucleus. 
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The large lymphocytes are larger than the polymorphonuclear leuco-
cytes. Frequently the nuclei are about the size of those in the small lympho-
cytes, but a wide zone of cytoplasm is present. The cytoplasm assumes a 
deep blue or blue-green color with Wright's stain. Such a wide zone of 
cytoplasm is not Qbserved in the smaller cells. These cells are differentiated 
from the mononuclear leucocytes by the darker staining qualities of the 
cells and by the clear cut nuclei, rather than by the size of the cells and 
shape of their nuclei. The chromatin material in the nuclei of the large 
lymphocytes often appears to resemble strings of beads. This arrangement 
of the chromatin is similar to that found in the nuclei of the polymorpho-
nuclears. 
Cells classified as mononuclear leucocytes, often called endothelial leu-
cocytes, transitionals, monocytes or endotheliocytes, are generally the larg-
est cells found in the blood. As a rule, the nuclei assume a light blue color 
with Wright's stain. In some instances, however, they stain deeply and 
are therefore difficult to differentiate from the large lymphocytes. The 
nuclei are most often bean-shaped, but they may be horeshoe-shaped or even 
approach the shape of the nuclei of the eosinophilic leucocytes. The chro-
matin appears as irregular thread-like masses. The fact that the nuclei are 
usually eccentrically located and occupy less space within the cells than 
they do in the large lymphocytes is an important factor in differentiation. 
The cytoplasm of the mononuclear leucocytes has a rather character-
istic slate gray color when stained with Wright's stain. Occasionally the 
cytoplasm assumes a pink tinge which makes it resemble that of the poly-
morphonuclear variety. 
HEMOGLOBIN DETERMINATIONS 
The hemoglobin content is stated in grams per hundred cubic centi-
meters of blood, as determined colorimetrically by the improved Newcomer 
method. 
VOLUME PERCENTAGE OF CORPUSCLES 
A volume of approximately 15 c.c. of blood was used in determining 
the volume percentage of corpuscles. The blood was mixed thoroughly in 
the collecting tube and then transferred to a 15 c.c. centrifuge tube. This 
blood was centrifuged for 20 minutes at 1,500 revolutions per minute, be-
fore readings were made. 
RESULTS 
BLOOD OF NORMAL SWINE 
Observations were made and recorded on the morphology of the blood 
of 62 normal pigs that ranged in weight from 50 to 320 pounds. Fifty per 
cent of these pigs weighed between 175 and 225 pounds. 
The erythrocyte counts in 51 normal pigs were found to range from 
5,040,000 to 9,920,000 per c.mm. of blood, with a mean of 7,907,156 + 
106,560. The corpuscles in 24 blood samples ranged from 38 to 62 per cent 
of the total blood volume with a mean of 47.8 ± 0.96. The hemoglobin con-
tent as determined in 37 blood samples ranged from 5.9 to 17.4 grams per 
100 c.c., the average being 11.95 + 0.235. 
The total leucocyte counts varied from 6,400 to 50,400 per c.m .. in 51 
blood samples, the mean being 21,523 ± 661.9. 
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Fifty-seven smears made for differential counts showed wide variations 
in the different types of leucocytes. The poylmorphonuclears ranged from 
9.3 to 64.4 per cent, with a mean of 36.16 ± 1.12. The eosinophils ranged 
from 0 to 15.4 per cent, with a mean of 4.09 + 0.303. The basophils varied 
between 0 and 2.4 per cent, the mean being 0.42 ± 0.06. The small lympho-
cytes ranged from 5.8 to 76.9 per cent of the total number of leucocytes and 
their mean was 41.22 + 1.03. The large lymphocytes ranged from 0 to 
58.3 per cent, with a mean of 11.16 + 0.852. The mononuclear leucocytes 
ranged from 0 to 21.5 per cent, the mean being 5.05 ± 0.410. 
BLOOD OF CHOLERA-INFECTED SWINE 
Observations were made and recorded on the morphology of the blood 
of 57 cholera-infected pigs. 
These pigs ranged in weight from 40 to 90 pounds. 
The erythrocytes were found to range from 3,200,000 to 9,600,000 in 38 
samples of cholera-infected blood, the mean being 6,486,055 ± 155,019. The 
volume of corpuscles in 54 samples varied from 25 to 62 per cent, with a 
mean of 37.4 + 0.64. The hemoglobin in 56 samples of cholera-infected 
blood ranged from 6.22 to 14.03 grams per 100 c.c., with a mean of 
10.76 ± 0.19. ,,. 
The total leucocyte count in 56 samples of cholera-infected blood ranged 
from 2,600 to 86,400 per c.mm. of blood, the mean being 10,422 ± 1,359 . 
.A differential leucocyte count on 54 samples of cholera-infected blood 
revealed wide variations in percentage counts of the different cells. The 
polymorphonuclears ranged from 1.1 to 76.3 per cent, with a mean of 
38.27 + 1.93. The eosinophils varied from 0 to 4.9 per cent, with a mean 
of 0.31 + 0.045. The basophils ranged from 0 to 2.7 per cent, with a mean 
of 0.064 ± 0.02. The small lymphocytes ranged from 5.3 to 78.6 per cent, 
with a mean of 33.02 + 1.97. The large lymphocytes ranged from 2.7 to 
46.6 per cent of the total, with a mean of 17 .3 + 1.05. The mononuclear 
cells ranged from 0 to 64.2 per cent, with a mean of 11.42 ± 1.24. 
DISCUSSION 
NORMAL BLOOD 
In a study of this nature there are always many factors that cannot 
he controlled by the investigator which may be responsible for the varia-
tions noted. The cellular elements of the blood may show variations with 
feeding, pregnancy, lactation and certain other normal processes. There 
are other variations associated with environment, such as temperature and 
altitude, which at times must be given consideration. It was thought that 
by making observations on the blood from a large number of animals, and 
subjecting the findings to statistical analysis that this would in a large 
measure compensate for the factors that could not be controlled. 
The age of the animal is always a factor to be considered in observing 
the cellular elements of the blood of an individual. This is true of swine 
hlood as shown by tSorch (182), Palmer (176), enftleben (179), and 
Regner (177). 
While reference is sometimes made to sex being a factor in blood count-
ing, Storch (182), Welsch (185), and Palmer (176), yet it is relatively 
unimportant. 
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Some investigators question the collecting of samples of blood in sodium 
citrate or other anti-coagulants, believing that microscopic clots are always 
formed and that they may interfere with the obtaining of accurate results. 
A survey of the figures obtained in this work indicated no greater varia-
tions in counts from citrated blood samples than from those where the 
pipettes were filled direct. 
The normal pigs were those that showed no apparent clinical evi-
dence of disease. Such factors as parasitic infestations not severe enough 
to produce clinical symptoms, moderate metabolic derangements or other 
occult conditions may be responsible for some of the unusual variations 
encountered. 
The erythrocytes are seen to vary greatly in number. The mean of 
7,907,156 per c.mm. of blood for 51 pigs is much higher than the normal 
given for human blood. This count agrees with the results of Giltner ( 162), 
Liitje ( 170), Welsch ( 185), and Senftleben ( 179). It would seem reason-
able to state that the number of erythrocytes in normal swine blood ranges 
between 7 ,500,000 and 8,500,000 per c.mm. of blood. The mean for 32 males 
was found to be 8,136,870 per c.mm. of blood, compared to 7,808,080 per 
c.mm. for the mean of 15 females. This difference is not significant. 
The volumes of corpuscles and plasma are 48 and 52 per cent, respect-
ively. There are variations that cannot be explained as the samples were 
all handled in the same manner. In all instances the blood was centrifuged 
for a sufficient time to completely separate the corpuscles from the plasma. 
In some instances the corpuscles settled out slowly and it was necessary to 
centrifuge a second time to insure complete separation. 
The mean hemoglobin content of 11.95 grams per 100 c.c. of blood is 
lower than that for normal human blood. The hemoglobin determinations 
were made within an hour after the blood samples were collected. In the 
majority of cases the hemoglobin content ranged from 10.5 grams to 12.5 
grams per 100 c.c. of blood. 
The high count of leucocytes found in swine blood is an interesting 
feature. The mean of 21,523 leucocytes per c.mm. of blood for 51 animals 
is considerably higher than that given for other domestic animals or for 
man. Except for two counts of 40,000 in pig number 119, and 50,400 in 
pig number 120, which were considered high, the majority ranged from 
17,000 to 25,000 per c.mm. These findings are in agreement with the 
reports of Giltner (162), Giitig (163), Palmer (176), Senftleben (179), 
Welsch (185), Hikmet (164), King and Wilson (166), and Lewis and Shope 
(168, 169) in that the majority of their counts were within this range. No 
specific explanation can be given for the two high counts. In both cases the 
percentage of polymorphonuclears is higher than the mean, which may in-
dicate an occult infection, thus causing a leucocytosis. 
A striking feature of the differential leucocyte count is the greater per-
centage of lymphocytes compared with the polymorphonuclears. This is in 
agreements with reports by Giltner (162), Palmer (176), Senftleben (179), 
Welsch (185), Hikmet (164), King and Wilson (166), and Dinwiddie 
( 160). 'l'he small and large lymphocytes together make up 52.38 per cent 
of the total number of leucocytes compared to 36.6 per cent of polymor-
phonuclears. This relationship is readily noticed because in man and do-
mestic mammals, with the exception of the ox and sheep, the polymorpho-
nuclears are predominant. 
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The relationships of the mean number of eosinophils, basophils and 
monounclear leucocytes to the total number of leucocytes are very similar 
to those found in other animals. Wide variations are found, however, in 
the eosinophils and mononuclears. The largest number of eosinophils, 15.4 
per cent, was recorded in pig number 69. The largest number of mono-
nuclears was 21.5 per cent in pig number 96. 
The leucocytes in the various samples of normal blood were quite uni-
form in their characteristics. In pig number 129, however, all types of 
leucocytes were extremely large and in pig number 95 the eosinophils 
were about twice the ordinary size. In the blood of pig number 127 the 
mononuclears and polymorphonuclears were small but very distinct. 
In many instances it was difficult to determine with certainty whether 
a cell should be classified as a mononuclear leucocyte or a large lymphocyte. 
The reason for this was the fact that the staining reactions failed to bring 
out the differential characteristics. 
CHOLERA·INFECTED BLOOD 
No individual weights were kept on pigs from which the cholera-in-
fected blood samples were secured. 'rhey were, however, within the 40 to 90 
pound limit, which is the United tates Bureau of Animal Industry stand-
ard weight for virus pigs. About 75 per cent of the group were estimated 
to weigh between 65 and 80 pounds. Healthy pigs were inoculated with hog 
cholera virus, after which the temperature curves and clinical symptoms 
were observed daily to note the development and progress of the disease. 
The killing time varied somewhat, but was usually the sixth or seventh day 
following inoculation. 
There is a wider range in the number of erythrocytes in cholera-
infected blood than in normal blood, the mean of 6,486,055 per c.mm., how-
ever, is lower than the mean for normals. There are two possible reasons 
for the decrease. The corpuscles may have been injured by the virus and 
were degenerating more rapidly than normally, or the virus may have in 
some way interfered with the normal hematopoietic functions of the blood 
forming organs. A moderate anemia was reported by King and Wilson 
(166), Naujek (174), Lewis and Shope (168, 169), and Thorpe and Gra-
ham (183). 
The mean volume of corpuscles was found to be 37 per cent in cholera-
infected blood. This is a 10 per cent decrease from the mean volume of the 
normal blood. Again this decrease may be due to a rapid degeneration of 
the erythrocytes, or to injury to the hematopoietic organs. Also, there is 
the possibility of an increase of plasma which would reduce the volume of 
corpuscles in a given amount of serum. The decrease in volume percentage 
of corpuscles is not as marked as the decrease noted in the erythrocyte 
count. 
The mean hemoglobin content as determined on 56 individual cholera-
infected blood samples was 10.76 grams per 100 c.c. There was less varia-
tion in these samples, and the mean was lower than in the normal group. 
The decrease in hemoglobin is correlated with the decrease in erythrocyte 
count and the decrease in volume percentage of corpuscles in the cholera-
infected blood. The hemoglobin content of the samples of cholera-infected 
blood obtained from the Fort Dodge Serum Company was generally lower 
than those from other sources. These samples were collected in sodium 
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citrate and determinations were made approximately six hours later. The 
hemoglobin content of cholera-infected blood samples from other sources 
was determined within an hour after having been procured. This time ele-
ment may account for the lower hemoglobin content, which is quite uniform 
in the Fort Dodge samples. 
The total leucocyte count showed rather wide variations, however, only 
eight o:i' the 56 samples counted were higher than 12,000 per c.mm. of blood. 
Including these high counts, the mean of 56 cholera-infected pigs was 
found to be 10,422 per c.mm. No explanation is offered for the exceedingly 
high count of 86,400 in pig number 22. This count was checked by three 
individuals and it was thought advisable to report it even though it is 
entirely out of harmony with the other counts. Pig number 8c, which 
showed 68,000 leucocytes, also showed 66.l per cent polymorphonuclears, 
which possibly indicated a secondary infection. 
Only four of the 56 cholera-infected blood samples showed a leucocyte 
count higher than the mean of 21,524 established for the normal group. 
These high counts may have been due to a secondary infection. Frequently 
field cases of hog cholera are complicated with secondary infection. 
The general leucopenia which was found in this study of hog cholera-
infected blood agreed with the reports of Regner (177), King and Wilson 
( 166), Dinwiddie ( 160), Lewis and Shope ( 168, 169), and Thorpe and 
Graham ( 183). Lewis and Shope ( 168) reported that this same type of 
leucopenia was observed in field cases of an acute nature. Thorpe and Gra-
ham (183) reported finding leucopenia occurring in hog cholera with com-
plications as well as in cases diagnosed as pure hog cholera. 
The result of these studies show that the numerical relationships of 
the various types of leucocytes are changed in cholera-infected blood. 
The mean for the polymorphonuclears shows an increase of 2.1 per cent 
over the mean of the normal; the small lymphocytes decrease 8.21 per cent 
and the large lymphocytes increase 6.09 per cent. The total number of 
lymphocytes is only 2 per cent lower than in the normal blood, but the 
proportion of the small lymphocytes and large lymphocytes has been 
changed. 
The mononuclear leucocytes showed a wider range of variation than 
did the same type of cells in the normal blood. The mean of mononuclears 
increased 6.36 per cent over the mean number found in normal blood. King 
and Wilson (166) also found an increased number of mononuclear leuco-
cytes in hog cholera-infected blood. 
In some instances it was very difficult to determine whether a cell was 
a mononuclear leucocyte, a large lymphocyte or a polymorphonuclear leuco-
cyte. It was decided to group these cells, according to their most apparent 
structural and staining characteristics, with the definite types rather than 
include a separate group for transitional or questionable forms. 
Cells the size of mononuclear leucocytes often appeared, in which the 
nuclei were typically polymorphic and deeply stained. The cytoplasm on 
careful examination appeared to be faintly pink. These cells were classified 
as polymorphonuclears. If similar shaped cells were found having nuclei 
that stained a light blue and the cytoplasm gray, or faint pink, they were 
classified as monoimclears. 
Large mononuclear type cells with dark staining nuclei and blue cyto-
plasm were designated as large lymphocytes. If the nuclei were light blue 
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and the cytoplasm gray or pink they were classified as mononuclear leuco-
cytes. 
In some instances it was evident that the leucocytes were degenerating. 
The nuclei were shattered in certain cells and in others the whole cell seemed 
to be involved. A few cells in such a condition were noted in smears wherein 
the majority of the cells were normal. This indicated that the cells were in-
jured before the blood was drawn, and not in the process of preparation. 
The numbers of eosinophils and basophils were reduced in the cholera-
infected blood. This may have been due to direct injury or more likely to 
the fact that the total number of leucocytes were so markedly decreased. 
The erythrocyte counts, the total leucocyte and differential leucocyte 
counts of the blood of cholera-infected pigs, obtained from various sources, 
were subjected to statistical analysis. The results are given in table 46. 
It will be seen from taole 46 that there are marked differences in the 
counts of some of the elements, while in others, there is very little. By this 
statistical analysis it is shown that only four of the variations cited are 
significant. In making these calculations the usual criterion is used, that 
is, if the mean difference is equal to or greater than three tim:es the prob-
able error of the mean difference the ratio is significant. 
The outstanding features of this table are that the cholera-infected 
blood samples from the Fort Dodge Serum Company pigs are significantly 
lower in the mean number of total leucocytes than are those from the two 
other sources. Again the mean percentage of mononuclear leucocytes is 
significantly higher in the cholera-infected blood samples obtained from the 
pigs of the United States Bureau of Animal Industry Experiment Station 
than is that of the Fort Dodge group. Another significant feature is that 
the mean percentage of small lymphocytes is higher in the samples from 
the Fort Dodge pigs than in the samples obtained from the Veterinary Re-
search Department. 
There are two possible explanations for the erythrocyte and total 
leucocyte counts being lower in the blood samples from the Fort Dodge 
pigs. These pigs came from a region in North Dakota where hog cholera 
was not generally prevalent, hence the pigs likely had less resistance and 
were highly susceptible to the virus. The pigs in the other two groups were 
of Iowa origin and may have had some slight acquired immunity. Secondly, 
there was a possibility of a difference in the virulence of the strains of 
virus used. 
NORMAL AND CHOLERA-INFECTED BLOOD COMPARED 
The data collected on the normal blood and that on the cholera-infected 
blood were compared by statistical analysis. The differences between the 
means of normal pig blood and cholera-infected blood, the probable errors 
of these mean differences, and the ratio of each mean difference to its prob-
able error are shown in table 47. 
Again the usual criterion of a mean difference being equal to or greater 
than three times its probable error is used. The ratios which are signifi-
cant are designated by italics in this table. · 
It is noted that in each case of the hemoglobin content, the erythrocyte 
count, and the total leucocyte count, that the ratios show the mean differ-
ences to be significantly higher, in favor of the normal pigs. An examina-
tion of the differential leucocyte count shows the mean differences of the 
TABLE 46. Mean erythrocyte and total and differential leucocyte CO'Unts of the blood of cholora-infected swine 
Differential count* 
Erythro- Leuco-
Source cytes per cytes per Polymor- Eosino· Baoophils Small Large Mono-
c.mm. of c.mm. of phonu- phils lympho- lympho- nuclears 
blood blood clears cytes cytes 
Veterinary 6,776,000 17,178 47.09 0.65 0.37 18.34 16.69 16.76 
Research ±317,158 ±3,999 ±5.06 ±0.29 ±0.197 ±3.14 ±4.45 ±4.61 
U.S. B. A. I. 7,019,647 17,489 39.8 0.23 0.04 26.15 16.54 17.07 
Experiment Station ±202,187 ±3,504 ±3.7 ±0.09 ±0.002 ±3.93 ±1.29 ±1.07 
Fort Dodge Serum 5,598,177 4,609 37.01 0.26 0.3 38.36 18.84 5.87 
Company ±271,940 ±165 ±2.2 ±0.069 ±0.002 ±2.13 ±1.39 ±0.67 
*Differential count in percentage. 
TABLE 47. Comparison of hemoglobin and certain morphological elements in normal and cholera-infected blood of swine 
Normal Swine Cholera Swine 
Mean difference 
No. of No. of ( - ) signifies that 
Constituents deter- Means deter- Means the mean difference Ratio 
mina- mina- is in favor of 
tions tions cholera blood 
11.95 ± .24 10.76 ± .190 
Hemoglobin 37 grams per 54 grams per 1.19 ± .302 8.9 
100 c.c. 100 c.c. 
Erythrocytes 51 7,907,157 .. 6,486,055 1,421,101 
±106,560 36 ±155,019 ±188,112 7.5 
per c.mm. per c.mm. 
21,524 10,422 
I 
11,101 
White blood corpuscles 51 ±662 53 ±1,359 ±1,502 7.8 
per c.mm. per c.mm. 
Polymorphonuclears 57 36.16% ± 1.2 48 38.26% ± 1.92 -2.1 ± 2.22 .9 
Eosinophils 57 4.09% ± .30 48 .23% ± .045 3.859 ± .306 12.6 
Basophils 57 .41% ± .06 48 .07% ± .02 .34 ± .06 5.1 
Small lymphocytes 57 41.22% ± 1.03 48 33.01 % ± 1.97 8.20 ± 2.22 8.6 
Large lymphocytes 57 11.16% ± .85 48 17.25% ± 1.04 -6.09 ± 1.35 4.5 
Mononuclears 57 5.05% ± .41 48 11.41 % ± 1.24 -6.39 ± 1.30 4.8 
Percentage of corpuscles 25 47.08% ± .96 52 37.38% ± .64 10.41 ± 1.15 8.9 
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eosinophils, basophils, and small lymphocytes to be significantly higher in 
the blood of normal pigs. The mean differences of the large lymphocytes 
and the mononuclear leucocytes are significantly higher in cholera-infected 
blood than in normal blood. 
SUMMARY 
A review of the literature is given on the morphology of the normal 
blood and of cholera-infected blood of swine. While it is noted there are a 
limited number of studies on the blood of normal swine, there are only a 
few references to the morphological changes in the blood of swine infected 
with hog cholera. 
Studies were made on erythrocyte counts, volume percentage of cor-
puscles, hemoglobin content and total and differential leucocyte counts of 
the blood of normal and cholera-infected swine. 
Mention is made of the sources of all blood samples. Sixty-two normal 
blood samples and 58 cholera-infected blood samples were used for this 
work. 
The data accumulated from the observations on normal and cholera-
infected blood are studied from the group standpoint. The individual find-
ings are mentioned only when they are entirely out of harmony with the 
majority. 
The data on the normal blood and the cholera-infected blood are com-
pared to note the changes which occur as a result of hog cholera infection. 
The hog cholera blood samples from various sources are compared. 
All methods used are recognized standard laboratory procedures. 
As an aid to the interpretation of the changes noted the figures were 
submitted to statistical analysis. 
CONCLUSIONS 
The mean erythrocyte count for 51 normal pigs was found to be 
7,907,157 per c.mm. of blood, while that for 38 hog cholera-infected pigs 
was 6,486,055 per c.mm. The volume of corpuscles in the blood of 25 nor-
mal pigs was 47.08 per cent, whereas that for 54 cholera-infected pigs was 
37 .38 per cent. The mean hemoglobin content for 37 normal pigs was 
found to be 11.95 grams per 100 c.c. of blood, and that for 56 cholera-in-
fected pigs 10.76 grams. 
A moderate anemia was noted in the cholera-infected pigs. This was 
evidenced by a decrease in the erythrocyte count, volume percentage of 
corpuscles and hemoglobin content. 
The mean total leucocyte count for 51 normal pigs was found to be 
21,524 per c.mm. of blood, while that for 56 cholera-infected pigs was 
10,422 per c.mm. The lymphocytes made up the greater part of the total 
number of leucocytes in both groups. 
In a comparison of the differential counts of the normal and cholera-
infected pigs, the most pronounced features were: the large lymphocytes 
were 6.09 per cent and the mononuclear leucocytes were 6.39 per cent 
higher in the blood of cholera-infected pigs than in that of normal pigs. 
The poylmorphonuclear leucocytes were 2.1 per cent higher in the cholera-
infected group. The small lymphocytes were 8.2 per cent, the eosinophils 
3.85 per cent, and the basophils 0.34 per cent higher in the blood of normal 
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pigs than in that of cholera-infected pigs. The significance of these changes 
was not explained. 
A leucocyte count considerably below the mean of 21,524 established 
for the normal pigs was found in all but 4 of the 56 cases examined, which 
were of acute, supposedly uncomplicated hog cholera. The degree of leuco-
penia in the cholera-infected pigs varied, but was most pronounced in the 
pigs originating from North Dakota. 
In acute uncomplicated hog cholera, leucopenia is apparently suffi-
ciently significant to warrant a leucocyte count as an aid to diagnosis. 
Field cases of hog cholera are commonly complicated by secondary infec-
tion, whereby the leucocytes may be variously influenced. Therefore the 
use of a leucocyte count as a routine measure, as an aid to diagnosis, neces-
sitates extremely careful interpretation. 
Further study, especially of field cases of hog cholera and possibly 
other acute diseases of swine, is necessary to determine positively the value 
of blood counts as an aid to the diagnosis of hog cholera. 
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A method widely used for estimating the number of bacteria, protozoa, 
etc., in a unit volume is the following. A set of n1 samples is taken, each 
containing a1 cc. of the original substance; then a set of n2 samples, each 
(because of an intervening dilution) containing the smaller amount a2 cc., 
and so on. It is assumed that even a single micro-organism would in a cer-
tain time make its presence known by reproduction, devolpment of gas, or 
otherwise. The number of "fertile" tubes and the number of "sterile" 
ones in each set are observed, and from these observations the best estimate 
of the concentration of organisms in the original substance is made. 
The theory of this method has been well developed by R. A. Fisher in 
his fundamental statistical memoir of 19222• He treats not only of the best 
estimate of density, but also of th~ question of accuracy. 
Tables for various choices of a1 and n1 have been computed, and are con-
tained in works of Cutler, Crump and Sandon8 and McCrady4 • A recent 
unpublished thesis of N. R. Ziegler, written with the cooperation of H. 0. 
Halvorson, gives yet other tables. 
A number of authors draw attention to the rather large probable error 
involved in this method, and it seems worth while to study this question, 
chiefly by Fisher's method, in some more detail. 
The questions which we should like to have answered are: ''Given a 
certain result, in numbers of fertile tubes, what is the most probable num-
ber x of micro-organisms in a cubic centimeter of the original liquid? Be-
tween what figures may we assume, with a given degree of probability, that 
the true value lies?'' Unfortunately, it is impossible to find answers of 
whose correctness we can be certain. The reason is that the calculation 
·would require an assumption about a priori probabilities of all densities, 
and no such assumption is firmly founded, either on theory or on ex-
periment. We could, most simply, assume equal ranges in the values of x 
to be equally probable. (This was done by Greenwood and Yule~, who 
obtained a formula substantially identical with formula ( 4) of this paper.) 
'I wish to thank Professors R. E. Buchanan, R. A. Fisher and H. 0. Halvorson for 
their encouragement and aid in this study. In particular, the tables compiled by Pro-
fessor Halverson and contained in the thesis, as yet unpublished, of Prof. Ziegler were 
of great service in the computations involved. 
2R. A. Fisher. On the mathematical foundations of theoretical statistics Phil. 
Trans., Series A, 222, 1922. (Especially pp. 363-366.) ' 
3D. W. Cutler, L. M. Crump and H. Sandon. A quantitative investigation of the 
bacterial and protozoan population of the soil, with an account of the protozoan fauna. 
Phil. Trans., Series B, 211 :317, 1922. The table was compiled by R. A. Fisher. 
•M. H. McCrady. Tables for rapid interpretation of fermentation-tube results. 
Pub. Health J ourn., 9: 201, 1918. . 
•M. Greenwood and G. U. Yule. On the statistical interpretation of some bacterio-
logical methods employed in water analysis. Journ. of Hyg., 16:36, 1917. 
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That is, it would be as reasonable to expect the number of bacteria in 
1 cc. to be between 10 and 20 as between 1,000 and 1,010. One theoretical 
objection to this assumption is that it gives a finite probability for concen- I 
trations so high as to be physically impossible. 
In view of the fact that micro-organisms often increase or decrease at 
a rate proportional to the number present, the logarithm of the concentra-
tion changing at a constant rate, we could assume equal ranges of log x 
(to any base) equally probable. This would assume it equally probable 
that x lay between 10 and 20 and between 1,000 and 2,000. Perhaps this is 
reasonable enough in a certain range of values: it certainly leads to absurd 
conclusions for both high and low concentrations. 
The inability to define a priori probability reliably, as well as the tedi-
ous nature of the computation which would lead from any such definition 
to answers to our questions, has led Fisher and others to ask, not for the 
x of maximum probability, but for that of maximum "likelihood." 
Corresponding to every true concentration x, each possible experi-
mental result-i. e., each number of fertile tubes in a given set-has a 
perfectly definite probability; this is proportional to what is called the 
likelihood of x for the experimental result. All tables used show that value 
for x which has maximum likelihood. Let us illustrate with an example. 
McCrady, taking 5 tubes with 10 cc. each of the original substance, 5 with 
1 cc. each, 5 with .1 cc. each, and assuming that 3, 1 and 2, respectively, 
have micro-organisms, assigns to x the value .17. We should like to be 
able to infer that it is more probable that the true x lies between .165 and 
.175 than that it lies, let us say, between .145 and .155. This the method of 
computation does not permit us to say. The fact is this-if x is .17, then 
the probability of obtaining 3, 1, 2 is a certain number; if x is any other 
number of hundredths, the probability of obtaining 3, 1, 2 is smaller. 
Clearly this is not quite the information desired; but the error introduced 
by the substitution is inconsiderable, compared with the uncertainty in-
herent in the method under discussion. 
Before proceeding to the mathematics used for the construction of 
tables and for the estimation of probable error, a very simple consideration 
will give an upper bound for the precision to be expected. As a particular 
case, suppose there are three sets of tubes, containing respectively 8, 1, Vs 
cc. of the original substance. A typical situation is that in which each of 
the first set is fertile and each of the last sterile. In such a case, we shall 
usually find every tube more concentrated than one in the first set to be 
fertile, and every tube more diluted than one in the last set sterile. 
We will particularize further, supposing 16 tubes in each set. The 
possible records of experiment are 16, 16, 0; 16, 15, 0; 16, 14, 0; · · · ; 16, 1, 
0; 16, 0, 0. It is clear that x indicated by the first result will be 8 times 
that indicated by the last if the number of dilutions is infinite. Roughly, 
we may expect the intermediate values of x to be in geometric progres-
sio,n, the common ratio being 16\/8 = 1.14. At the very best-if each value 
of · x could yield but one of these experimental results-we should have to 
attach to any estimate of x an uncertain multiplier somewhere between 
(1.14) 1h and l.14)-1h. This multiplier can be forced closer to 1 in two ways 
-by a smaller ratio of dilution (it was 8 here) and by a greater number of 
tubes in each set. The ratio (1.14) used here would be replaced by 6 \/10 = 
1.58 in McCrady's best tables, and y2 = 1.41 in those of Cutler, Crump 
and Sandon. 
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Can this point of view help us to decide on the best ratio of dilution 
and number of tubes per set, if the range of concentrations to be explored 
and the total number of tubes in the experiment are both given? It turns 
out that it gives no such information. If the uncertainty factor ( corres-
ponding to 1.14 in the preceding example) is f, and the total number of 
tubes available is n, the range of concentrations which they will explore is 
f 0 , regardless of the manner in which n is factored to give the number of 
sets and the number of tubes in a set. Other considerations will be needed 
to decide the best choice of these factors. 
Let us now proceed to the question of maximum likelihood. We as-
sume several sets of tubes, the number in the first set being ni, that in the 
second n2, and so on. Each of the first set shall have a1 cc. of the original 
fluid, each of the second a2 cc., etc. If the number of organisms per cc. in 
the original fluid is x, we may expect aix of them in each tube of the first 
set, a2x in each of the second · · · . In order to find the probability that a 
particular tube of the ith set is sterile, we suppose that each micro-organism 
occupies 1/m of its volume-in other words, that there are m such units 
of volume in the tube. The probability that a particular unit should be 
occupied by an organism is, then, aix/m, the probability of its having sterile 
fluid 1- aix/m. The probability that all m units are sterile is then the 
product of the probabilities for tlie separate ones--that is, 
( a 1x )m- [( a 1x )-~ 1-aox 1-- - 1-- &IX 
m m 
(1) 
Now, by the definition of e, - z~oo (1+1/ z)z-this constant is the approxi-
mate value of the bracket. The probability then that a particular tube is 
sterile6 is e-aox, and the probability of fertility 1-e-aox. If, of the n1 
tubes of the ith set, Pi particular ones are to be fertile and the rest sterile, 
the probability of this result is (e-a•x)n•-P• (1- e-a0x)P1• The number of 
ways of selecting the p 1 fertile tubes is 
and so the probability that, for a given x, the experiment should result as 
it does-with Pi fertile tubes in the first set, p2 in the second, and so on-
is the product of such factors; 
(2) 
Here rr indicates "the product of factors of type." It is this product 
which is to be made as large as possible by an appropriate choice of x. 
If it is maximum, its logarithm is also maximum, and the derivative of 
the latter is zero. The resulting equation (where l means "the sum of 
of terms of type'') is 
"Fisher. loc. cit., p. 363. 
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a1p1 
~ = ~a1n1 (3) 1 - e - a1 x 
This will yield those tables which have been computed, except Mc-
Crady 's-and even there, where another formula is used, the difference in 
results is insignificant. 
If we knew equal ranges of value of x to be equally probable a p1·iori, 
or for that matter, if any other distribution of a priori probability were 
known to be correct, formula (2) would yield full information on the in-
ferences to be drawn from any experimental result. If, for example, we do 
assume equal probability (before the experiment ) for equal ranges of x, 
then the probability, after the experiment, that x lie between any two non-
negative numbers, Xi and x2, is 
x, 
f Pdx 
x, 
(4 ) 
00 
f Pdx 
0 
In justification of this statement, let us recall that P depends both on 
the true concentration x and on the experimental result pi, p2 • • • . The 
assumption of equal a priori probability means that, of a large number of 
experiments of the type considered, as many will be performed on concen-
trations between a and a + 6.x as on those between b and b + 6.x (a and 
b any two positive numbers), and that the number in each case is pro-
portional t o 6.x. The number of concentrations between x and x + 6.x 
which result in Pi, p2, • • • fertile tubes is approximately proportional to 
P (x; Pi, p2, · • • • ) 6.x, and the approximation approaches exactness as the 
number of experiments increases and 6.x approaches 0. The number of all-
cases-for all x 's-resulting in Pi, p2 • • • is proportional to 
00 00 
lim ~ P 6.x = f Pdx, 
C.x~o x=o o 
and the probability that the true x lies between xi and x2 is the frac-
tion ( 4) . If the number of fertile tubes is not very small, there are 
fraction ( 4 ) . If the number of fertile tubes is not very small, there are 
many terms to be integrated, and the labor could only be justified if the 
underlying assumption were known to be correct. We will, then, give but 
two examples of its application- not so much for the information they yield 
as for the sake of comparison with results obtained by the method of maxi-
mum likelihood. 
The first example corresponds to the maximum contamination permit-
ted by the U.S. Treasury Standard in waters supplied by common carriers' . 
'U. S. Pub. Health Rept. 1914, p. 2959. 
See, also, discussion by McCrady, Journ. Inf. Dis., 17: 203, 1915. 
ESTIMATING DENSITY 01<' MICRO-ORGANISMS 
.005 
.01 
.02 
.03 
.04 
.05 
.06 
.07 
TABLE la 
a,= 10, a.= 1, a,= .1 
n1 =n2 =n,=5 
p, = 1, p, = o, p, = 0 
Probability that no. 
bacteria per cc. 
exceeds x 
.970 
.908 
.735 
.561 
.403 
.287 
.199 
.136 
255 
.02 is, approximately, the number which satisfied ( 3) ; yet it seems almost 
three times as probable that x lies above that number as that it lies below it. 
If P1 = 5, p2 = 2, p3 = 2, the other data being the same as before, we 
have the following information . 
x 
.6 
1.0 
2.0 
.... 
TABLE lb 
Probability that no. 
bacteria exceeds x 
.894 
.485 
.087 
In this case the solution of ( 3) is .95, and the probability that this number 
is exceeded turns out to be very close to 50 per cent. 
If, now, we leave the attempt to estimate the precision of the dilution 
method by integration, we will take the x of maximum likelihood and 
then, using Fisher's method8 , determine the standard deviation of the 
natural logarithm of x on the assumption that the values of this logarithm 
have normal distribution. For two reasons this is likely to be nearer the 
truth than the assumption of normal distribution of x itself. One is the 
fact that log x extends from - oo to oo, so that symmetric distribution is 
possible; the other, that growth or destruction of bacteria generally pro-
ceeds according to exponential laws. It is, in addition, more convenient 
to have the relative deviation from the most likely value of x than the 
absolute deviation to be expected. 
If the chance that a variable lie between ()i and 82 + d8 is 
1 
<I>=-- e 
u\1271' 
-(81- 8>' 
20-• d8, (5) 
-the expression for normal probability distribution with 81 as mode and 
u as standard deviation-then 
'Fisher. loc. cit., pp 328, 364. 
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ln<I> = ln(-1- dt9 )- _c _e1_-_0_)_2 
u\/27T 2u2 
a formula permitting easy computation of u. 
For us, 0 = lnx. 
8ln<I> 
(6) 
We have already obtained --- = 0 in the form (3), and a second dif-
8lnx 
ferentiation, if we make use of that equation, yields 
1 
-=x2::s-----
u2 ( 1 __ e-a•x) 2 (7) 
This gives a value of u such that, in 68.27 per cent of the cases where the 
experimental results are as found, the true value of lnx will differ from 
the most likely one by no more than u. The ratio between the true value 
of x and the most likely one is then between e-,,. and e<T. 
Before tabulating the results of this formula for various experimental 
arrangements, let us note, with Fisher, that if, in this formula, we replace 
the actual values of p 1 by the average values .to be expected for the given 
x, there results the simpler formula 
( 1 ) n1 a12e-a•x 
--; =X2 l----
<T av. 1- e-a1x 
(8) 
One result to be read off is that the multiplication of the numbers in all 
sets by any positive constant (k) results in the division of u by yk. 
The first application of (7) will be to McCrady's most complete table 
-that for five tubes in each of three sets. 
TABLE 2a 
a,=10, a, = 1, a,=.1 
n,=n,=n,= 5 
p, p, p, :2:pi x <T e,,. 
0 0 1 1 .02 1.000 2.72 
0 1 0 1 .02 .99 2.69 
0 0 0 1 .02 1.005 2.74 
0 0 2 2 .04 .708 2.03 
0 1 1 2 .04 .708 2.03 
ESTIMATING DENSITY OF MICRO-ORGANISMS 257 
Pi p, Pa ~pi x IF eir 
0 2 0 2 .04 .709 2.03 
1 0 1 2 .04 .707 2.03 
1 1 0 2 .04 .710 2.04 
2 0 0 2 .05 .682 1.98 
0 1 2 3 .06 .574 1.78 
0 2 1 3 .06 .576 1.78 
0 3 0 3 .06 .579 1.79 
1 0 2 3 .06 .576 1.78 
1 1 1 3 .06 .579 1.79 
1 2 0 3 .06 .581 1.79 
2 0 1 3 .07 .586 1.80 
2 1 0 3 .07 .587 1.80 
3 0 0 3 .08 .611 1.84 
1 0 3 4 .08 .504 1.66 
1 1 2 4 .08 .499 1.65 
1 2 1 4 .08 .494 1.64 
1 3 0 4 .08 .493 1.64 
2 0 2 4 .09 .509 1.67 
2 1 1 4 .09 .509 1.67 
2 2 0 4 .09 .509 1.67 
3 0 1 4 .11 .514 1.67 
3 1 0 .11 .520 1.69 
4 0 0 4 .13 .537 1.71 
1 2 2 5 .10 .451 1.57 
1 3 1 5 .10 .451 1.57 
1 4 0 5 .11 .452 1.57 
2 0 3 5 .12 .458 1.58 
2 1 2 5 .12 .458 1.58 
2 2 1 5 .12 .458 1.58 
2 3 0 5 .12 .458 1.58 
3 0 2 5 .14 .459 1.58 
3 1 1 5 .14 .470 1.60 
3 2 0 5 .14 .470 1.60 
4 0 1 5 .17 .490 1.64 
4 1 0 5 .17 .492 1.64 
5 0 0 5 .25 .580 1.79 
2 2 2 6 .14 .419 1.52 
2 3 1 6 .14 .419 1.52 
2 4 0 6 .14 .419 1.52 
3 1 2 6 .17 .432 1.54 
3 2 1 6 .17 .432 1.54 
3 3 0 6 .17 .432 1.54 
4 0 2 6 .20 .452 1.57 
4 1 1 6 .20 .454 1.57 
4 2 0 6 .20 .454 1.57 
5 0 1 6 .30 .535 1.71 
5 1 0 6 .35 .581 1.79 
3 1 3 7 .20 .404 1.50 
3 2 2 7 .20 .404 1.50 
3 3 1 7 .20 .404 1.50 
3 4 0 7 .20 .404 1.50 
4 0 3 7 .25 .430 1.54 
4 1 2 7 .25 .430 1.54 
4 2 1 7 .25 .431 1.54 
4 3 0 7 .25 .431 1.54 
5 0 2 7 .40 .535 1.71 
5 1 1 7 .45 .565 1.76 
5 2 0 7 .50 .598 1.82 
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P1 P2 p, ~pi x tr eu 
3 4 1 8 .25 .369 1.45 
3 5 0 8 .25 .369 1.45 
4 2 2 8 .30 .410 1.51 
4 3 1 8 .30 .409 1.51 
4 4 0 8 .35 .425 1.56 
5 0 3 8 .60 .543 1.72 
5 1 2 8 .60 .545 1.73 
5 2 1 8 .70 .565 1.76 
5 3 0 8 .80 .592 1.81 
4 3 2 9 .40 .402 1.50 
4 4 1 9 .40 .402 1.50 
4 5 0 9 .40 .402 1.50 
5 0 4 9 .75 .191 1.63 
5 1 3 9 .85 .500 1.65 
5 2 2 9 .95 .511 1.67 
5 3 1 9 1.10 .519 1.68 
5 4 0 9 1.30 .537 1.72 
4 5 1 10 .50 .390 1.48 
5 2 3 10 1.20 .460 1.59 
5 3 2 10 1.40 .470 1.60 
5 4 1 10 1.70 .490 1.63 
5 5 0 10 2.50 .578 1.78 
5 2 4 11 1.50 .420 1.52 
5 3 3 11 1.75 .434 1.55 
5 4 2 11 2.50 .500 1.65 
5 5 1 11 3.50 .581 1.79 
5 2 5 12 1.75 .390 1.48 
5 3 4 12 2.0 .382 1.53 
5 4 3 12 3.0 .454 1.58 
5 5 2 12 6.0 .648 1.92 
5 3 5 13 2.5 .368 1.45 
5 4 4 13 3.5 .425 1.53 
5 5 3 13 9.0 .586 1.80 
5 4 5 14 4.5 .415 1.51 
5 5 4 14 16.0 .555 1.74 
McCrady's results have been used in the first five columns, the various 
cases, however, being rearranged in the order of the total number of fertile 
tubes. The values of x below .20 are correct to the nearest hundredth, those 
between .20 and 2.0 to the nearest .05, those above 2 to the nearest .5. The 
last figure of CT given is, then, scarcely reliable. 
Since the error may be expected to be below the standard deviation in 
68.27 per cent of the cases (a well known property of the standard devia-
tion), the table tells us that, in this fraction of the cases in which the num-
bers of fertile tubes are 3, 2, 1, respectively, the number of bacteria per cc. 
is between (.17) (1.54) and (.17) (1.54)-1 , i. e., between .26 and .11. 
Should we wish to know the bounds which are not exceeded in 90 per cent 
of the cases we may use a table of values of the definite probability inte-
gral9 • There we find that a change from 68.27 per cent to 90 per cent 
means a multiplication of CT by 1.645. CT is replaced by .710, eu by 2.04, and 
•c. g., that given in Rugg: Statistical methods applied to education, p. 391, and re-
produced in Chaddock: Principles and methods of statistri.cs, Appendix D. 
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the bounds within which :x: remains in 90 per cent of the cases are .35 and 
.08. 
We may note in table 2a : 
(1) a wide variation in the most likely x among the cases with 
the same total number of fertile tubes; 
(2) an increase in this x as the tubes found fertile pass to the 
sets with higher concentration; 
( 3) a corresponding decrease in precision (increase in a) ; 
( 4) except for cases with very few fertile tubes, lack of depend-
ence between the total number of fertile tubes and the stand-
ard deviation. 
a could of course be decreased by an increase of the number of tubes 
per set, the ratio of decrease of a being the square root of the ratio of in-
crease of n 1 (p 1/n1 remaining constant). For instance, if there were 20 
tubes in each set, and 12, 8, 4, respectively, were fertile, the most likely x 
would still be .17. a would shrink from .432 to half that number- .216, 
etr from 1.54 to its square root, P24. The range of 68.27 per cent probabil-
ity would extend from .21 to .14, that of 90 per cent probability from .24 
to .12. 
In order to see what decrease in deviation could be obtained by the use 
of smaller dilution intervals, I have computed a similar table, assuming 
seven sets of three tubes each, the dilution ratio being 2. The table is frag-
mentary, containing only data for which the highest concentration (and 
presumably all higher) shows all tubes fertile, while the lowest (and pre-
sumably all lower ones) shows all sterile ; furthermore, most of the space 
is given to cases in which the number of fertile tubes is 10, 11 or 12. If 
the table were to be used in practice, this would be no great handicap ; for 
if there were more than seven dilutions decreasing in concentration by the 
factor 1/2, we should usually have at most five consecutive sets neither all 
fertile nor all sterile. The number of cc. of the original solution in each 
tube at the middle of this series can be taken as the unit, and the table 
used accordingly. Thus, if we have 
Concentrations -----·-------·--------·---32 16 8 4 2 1 
No. fertile tubes ---------------· -------- 3 3 2 0 1 1 
We could use the line of the table reading 
3 3 2 0 1 1 0. 
1/2 1/4 1/8 
0 0 0 
1/ 16 
0 
The middle 0 being now the number of 4 cc. tubes, the most likely number 
of bacteria per cc. is not .56, but one-fourth of that number, namely .14. 
The table covers only the most probable cases for which the number of 
fertile tubes is 10, 11, 12. However, other cases in this range can be solved 
approximately by the empirical formula 
log10X = .180 P2 + .134 Pa+ .094 p4 + .081 Pfi + .075 P6 + 8.770 - 10 (9) 
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TABLE 2b 
a, = 8, a,= 4, a, = 2, a,= 1, a.= ¥.., a.= % a, = % 
D1=D2= .. =3 
p,= 3 p,=0 
P2 Pa p4 p5 Pa lpi x (]' eu 
0 0 0 0 0 3 .088 .591 1.81 
1 0 0 0 0 4 .127 .516 1.68 
1 1 0 0 0 5 .168 .470 1.60 
2 1 0 0 0 6 .236 .444 1.56 
2 2 0 0 0 7 .286 .422 1.53 
2 2 0 1 0 8 .342 .404 1.50 
2 3 0 1 0 9 .42 .388 1.47 
2 2 1 2 0 10 .48 .370 1.45 
2 2 2 1 0 10 .49 .373 1.45 
2 2 3 0 0 10 .50 .374 1.45 
2 3 1 1 0 10 .51 .379 1.46 
2 3 2 0 0 10 .53 .383 1.47 
3 1 2 1 0 10 .55 .385 1.47 
3 2 0 1 1 10 .56 .406 1.50 
3 2 1 0 1 10 .57 .398 1.49 
3 2 1 1 0 10 .58 .397 1.49 
3 2 2 0 0 10 .60 .404 1.50 
3 3 0 1 0 10 .62 .410 1.51 
3 3 1 0 0 10 .64 .417 1.52 
2 3 2 0 1 11 .61 .370 1.45 
2 3 2 1 0 11 .62 .371 1.45 
3 2 1 1 1 11 .69 .387 1.47 
3 2 1 2 0 11 .69 .387 1.47 
3 2 2 0 1 11 .71 .390 1.48 
3 2 2 1 0 11 .72 .394 1.48 
3 2 3 0 0 11 .74 .398 1.49 
3 3 1 0 1 11 .76 .415 1.51 
3 3 1 1 0 11 .78 .407 1.50 
3 3 2 0 0 11 .81 .415 1.51 
2 3 2 2 0 12 .72 .348 1.42 
2 3 3 1 0 12 .74 .361 1.43 
3 2 2 2 0 12 .86 .383 1.47 
3 2 3 0 1 12 .88 .378 1.45 
3 2 3 1 0 12 .90 .392 1.48 
3 3 1 1 1 12 .93 .416 1.51 
3 3 1 2 0 12 .95 .406 1.50 
3 3 2 0 1 12 .97 .415 1.51 
3 3 2 1 0 12 1.00 .410 1.51 
3 3 3 0 0 12 1.06 .420 1.52 
3 3 2 1 1 13 1.21 .403 1.50 
3 3 2 2 1 14 1.50 .398 1.49 
3 3 3 2 1 15 2.14 .429 1.54 
3 3 3 2 2 16 2.71 .414 1.52 
3 3 3 3 2 17 4.37 .476 1.61 
3 3 3 3 3 18 5.46 .465 1.60 
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It will be seen that the standard deviations are systematically lower 
than those in table 2a. It might, however, be questioned whether this is due 
to the decrease in dilution ratio, to the increased number of tubes, or to the 
decreased range. To answer this question, I have compiled the following 
brief table, in which the same number of tubes and the same range are 
postulated as in table 2b, but the dilution range is increased to 8. 
TABLE 2c 
a,=8 a,=1 a,=~ 
n,=n2 =n,=7 
p,=7 Ps=O 
P• :2:pi x IT eir 
0 7 .26 .459 1.58 
1 8 .33 .446 1.56 
3 9 .42 .421 1.52 
3 10 .55 .464 1.59 
4 11 .73 .470 1.60 
5 12 1.01 .459 1.58 
6 13 1.44 .505 1.66 
7 14 2.20 .516 1.68 
The standard deviations in able 2b are, in the main, smaller. There 
is a distinct gain in precision through the use of more frequent dilutions. 
If the experimenter, in the last case, wishes to attain the precision of the 
preceding one, he should increase the number of tubes per set by approxi-
mately 50 per cent. 
A brief examination of the cases in which the method of integration 
was used shows somewhat lower estimates of the standard deviation than 
the corresponding ones in table 2a, but of the same order of magnitude. 
Or we may compare percentage probabilities. In tables la and lb we found 
that, for 1, 0, 0 fertile tubes there was 83.4 per cent probability of an x 
between .005 and .07; and, for 5, 2, 2, 80.7 per cent of an x between .6 and 
2.0. If, now, we use the u of table 2a, and avail ourselves of published 
values of the probability integral, we find these percentages replaced by 
80.0 per cent and 71.2 per cent, respectively. In these cases, at least, the 
assumption of equal distribution of probability of x leads to a slightly 
increased chance that the true concentration lies within a limited range. 
It is interesting to see how the standard deviation can be reduced to 
the neighborhod of 5 per cent. In table 2b the values of u1nx are about .40. 
A reduction to .05 would call for an inc:r.;ease in number of tubes by 82-so 
that the total number would no longer be 21, but over 1,000. It may be re-
called that Wilson 10 claims a standard deviation as low as 5 per cent for an 
average of three tubes, while Stein11 does not claim any value below 12 
per cent, even when greatest care is used. 
All the discussion thus far has assumed the exploration of a range of 
concentrations, the ratio of whose extreme values is not above 100. In 
'°G. S. Wilson. The proportion of viable bacteria in young cultures with especial 
reference to the technique employed in counting. J ourn. of Bact., 7: 405, 1922. 
"M. F. Stein. A critical study of the bacterial count in water and sewage. Am. 
Journ. Pub. Health, 8:820, 1918. 
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cases of total ignorance as to the number of organisms, a much larger range 
must accordingly be employed. If it is possible to repeat the experiment, 
or if the condition of the culture will remain fairly constant until a first 
sample has been tested, it would be well to discover the general neighbor-
hood of x by the use of a few tests at dilutions wide apart, and to follow 
with a more intensive exploration the neighborhood where sterile tubes 
begin to appear. 
As Fisher has pointed out12, the use of elaborate tables may be re-
placed by the count of the total number of fertile tubes. For equal effi-
ciency, the number of tubes used must be increased by one-seventh if the 
dilution ratio is 2, the efficiency of this method being 87.71 per cent. 
CONCLUSIONS 
The dilution method of estimating the number of micro-organisms in 
unit volume, while reliable, involves a high probable error, if a moderate 
number of tubes are used. 
For a given total number of tubes and a given range of concentrations, · 
a low dilution ratio gives somewhat smaller errors. 
If the probable relative error is to be reduced to the neighborhood of 
5 per cent, the number of tubes must be at least 1000. 
An examination of the total number of fertile tubes, without regard to 
the sets in which they occur, increases the probable error but slightly. 
12Ioc. cit., p. 366. 
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Through the kindness of Mr. A. R. Rolfs of Yakima, Washington, 
there has come to the author's hands an excellent collection of Collembola 
representative of that region of the United States. The immediate pur-
pose of this paper is to describe the heretofore unnamed species represented 
in this collection before the publication of the complete list for the state 
of Washington. Descriptions are included, also, of a number of forms from 
other parts of the country. 
In addition, two species, Architomocerura crassicauda Denis and Ento-
mobrya triangularis Schott, are discussed because of the apparent rarity 
of the former, and the incomplete original description of the latter. 
The species treated in this paper are, 
Willemia denisi n. sp. 
Ti1llbergia iowensis n. sp. 
Architoinoceriira crassicaiida Denis 
Entomobrya intonsa n. sp. 
Entomobrya nigriceps n. sp. 
Entomobrya triangularis Schott 
Pseudosinella rolfsi n. sp. 
Salina decorata n. sp. 
Willemia denisi n. sp. 
Figures 1-4 
Yellowish white, eyes absent. Furcula absent. Post-antennal organ 
(Fig. 2) with four tubercles. Mandibles two-toothed at the tip (Fig. 4), 
with a small molar surface bearing about four ridges, the right one with a 
sharp, oblique, inward pointing tooth at the base of the molar surface which 
fits into a shallow fossa on the left mandible. Antennae slightly shorter 
than the head, the proportions of the segments about as 17 :21 :21 :19. Third 
antennal segment organ (Fig. 3) with two slightly capitate sense rods, 
guarded by two dorsal and three ventral setae. Fourth antennal segment 
with five large sense bulbs as in figure 3, and an apical, retractile, sense 
knob. Unguis without teeth (Fig. 1). Unguiculus about half the length of 
the unguis, acuminate, with an inner basal lamella. Clothing of a few 
short, slightly curving setae, longer on the fifth and sixth abdominal seg-
ment. One irregular transverse row of bristles on the femora and two rows 
on the tibiotarsi. A long latro-distal bristle extends on either side of the 
unguis. Anal horns absent. Length 1 mm. 
Two specimens of this species were taken beneath moist boards near 
water at Yakima, Washington, March 23, 1931, by A. R. Rolfs. 
1The author again wishes to express his thanks to Dr. J. W. Folsom of Tallulah, 
Louisiana, for the aid so freely given in the preparation of this paper. 
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It is contrary to good taxonomic practice to describe these minute in-
sects from so few specimens. I do not hesitate in this case, however, for the 
species is evidently distinct. Because of lack of material it was impossible 
to investigate the organ of the third antennal segment completely, and some 
of the minute detail may have been overlooked. 
The discovery of this species is of considerable interest as the genus 
is known only from the European W illemia anophthalma Borner and its 
subspecies inermis Borner. It approaches W. anophthalma inermis in the 
shape of the postantennal organ and in the absence of anal spines, but the 
sense organs of the fourth antennal segment are very different. 
I take ple~sure in naming this species for J. R. Denis, of the Labora-
toire Arago, Banyuls sur Mere, France, who has kindly compared speci-
mens of the American species with European forms for me. 
The key following will aid in the identification of species in this genus. 
1. Sense organs of the fourth antennal segment larger and bulbous. 
Postantennal organ of four tubercles. Anal horns absent. vVash-
ington, U. S. A . ........................................................................ denisi n. sp. 
Sense organs of the fourth antennal segment sub-cylindrical 
clubs ............................................................................................................. 2 
2. Anal horns present. Postantennal organ of five or six tubercles. 
Europe ...................................................................... anophthalma Borner 
Anal horns absent. P ostantennal organ of four tubercles. 
Europe ........................................................ anophthalma inermis Borner 
Tullbergia iowensis n. sp. 
Figures 5-8 
Color entirely white. Slender, about six times as long as wide. Post-
natal organ (Fig. 8) large, obovate, containing from 30 to 40 tubercles 
arranged in two rows. One poorly developed pseudocellus on each antennal 
base, one on each side of the base of the head, and one on each side of the 
mesonotum, metanotum, and first four abdominal segments. Antennae 
shorter than the head, the apical segments with about five enlarged olfac-
tory setae each. Organ of the third antennal segment (Fig. 5) with an 
inner papilla, two converging sense clubs, two s~nse rods hidden behind an 
integumental fold, and three guard setae. Unguis (Fig. 7) broad, curving 
from the base, unarmed. Unguiculus represented by a sharp tubercle. Two 
anal horns, a little shorter than the hind unguis, moderately developed, 
strongly curved, on small noncontiguous papillae. Integument finely tuber-
culate. Clothing of rather slender hairs of medium length, becoming longer 
on the sixth abdominal segment. Two heavy spines (Fig. 6) on the posterior 
border of the fifth abdominal segment. Length 0.6 mm. 
Taken ratb,er commonly from leaf mould by means of a modified 
Berlese apparatus. 
Iowa: Columbus Junction, December 25, 1931, L. Weber. 
Jefferson, December 5, 1931, G. C. Decker. 
Ames, November and December, 1931. 
Louisiana: Tallulah, July 5, 1930. 
Texas: College Station, January 23, 1931. 
NEW AND RARE NORTH AMERICAN COLLEMBOLA 265 
In specimens from Texas the postantennal organs were more elong·ate-
oval than is shown in the figure, and contained the largest number of 
tubercles notes. The heavy bristles on the posterior border of the fifth 
abdominal segment were also more pronounced. 
The only recorded representatives from North America of the genus 
Tullbergia Lubbock are T. collis Bacon of California and the variety 'J'. 
collis mexicana Handschin of Mexico, together with published references 
to the genus from Iowa and New York. 
The Nearctic species thus far described may be identified by the fol-
lowing key: 
Length 0.6 mm. Thirty to forty tubercles in each postantennal or-
gan, arranged in two rows. Anal horns shorter than the hind 
unguis. Eastern United States ...................................... iowensis n. sp. 
Length. 1.5 mm. Sixty to seventy tubercles in each postantennal or-
gans, arranged in four irregular rows. Anal horns as long as 
the hind anguis. Western United States and Mexico .... collis Bacon 
Architomocerura crassicaitda Denis 
Fi~hres 9-12 
Color entirely white. Eyes (Fig. 9) six on each side, on dense blue 
eyepatches. Antennae longer than head. First two segments simple, sub-
cylindrical, the last two sub-elliptical and annulated, of the proportions 
12 :15 :34 :44. Third and fourth abdominal segments nearly equal. Furcula 
reaching to the ventral tube, only slightly tapering apically. Proportions 
of the manubrium to the dentes to the mucro as 3 :6 :1. Mucro (Fig. 10) 
bilamellate, with an apical and subapical tooth and a smaller basal tooth 
on the outer lamella. Tibiotarsus with a partial apical segment. Unguis 
(Fig. 12) untoothed, slightly curved apically. Unguiculus broadly lanceo-
late, two-thirds the length of the unguis. Tenent hair not present. Body 
covering of three kinds: 'short, curving, reclinate setae over the whole 
body; large, smooth, straight bristles occasionally over the body, becoming 
more abundant posteriorly; and long, evident bothriotricha from the third 
abdominal segment back. Antennae densely covered with short, curving 
hairs. Length 0.75 mm. 
The above description is from a single specimen taken under rotting 
wood near a river at Yakima, Washington, April 19, 1931, by A. R. Rolfs. 
The discovery of this species in North America is of considerable interest. 
It agrees well with the description and figures of Denis2 • The specimen at 
hand does not show, however, the violet on the antennae which is present 
in the type material, and the postantennal organ is not visible. The speci-
men is likely a young one. 
Entomobrya intonsa n. sp. 
Figures 13-15 
Ground color gray to yellow, with dark blue pigment. Antennae 
violet but for bases of first and second segments. Head with light wash of 
'Mitt. Zool. Staat. und Zool. Mus. Hamburg, 44:219-221, 1931. 
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HARLOW B. Mlf,LS 
PLATE I 
DESCRIPTION OF FIGUR.ES 
Willeniia denisi n. sp. 
Left middle foot. 
Postantennal organ. 
Left antenna! tip. 
Left mandible. 
Tullbergia iowensis n. sp. 
Sense organ, right antenna! segment 
Left spine, abdominal segment V. 
Left hind foot. 
Postantennal organ. 
Architonwcerura crassicauda Denis 
Left eyepatch. 
Mucrones. 
Side view. 
Right hind foot. 
nr. 
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deep blue-black with irregular lighter areas. Pigment of the body forming 
two irregular lines on each side. Prothorax pigmented dorsally. Meso-
thorax margined laterally and with a dorso-lateral line on each side. Meta-
thorax and first three abdominal segments irregularly continuing the 
markings of the mesothorax. Fourth abdominal segment pigmented lat-
erally along the suture which divides the dorsal from the lateral sclerite, 
the pigment extending dorsally near the middle to a dark spot from which 
a bothriotrix extends, also forming a transverse band just in front of the 
posterior margin. Lateral sclerites of the fourth abdominal segment lightly 
pigmented. Paratergite of the third segment with an elongate dark blotch. 
Fifth segment with a dense lateral spot. Sixth segment uncolored. Furcula 
pigmented only on the coxal piece of the manubrium. Legs with an apical 
band on the femora, which, together with the coxae, are washed lightly 
with blue on the two posterior pairs of legs. Body covered with long, 
fringed, capitate hairs which become longer and not markedly capitate on 
the fourth abdominal segment, and shorter, reclinate hairs. The capitate 
hairs extend onto the first antennal segment and are replaced on the second 
and third segments by more slender, pointed sensory setae; the fourth 
segment being devoid of long sensory hairs. Eyes (Fig. 19), eight on each 
side, the two inner proxiJ11al eye . omewhat reduced. .Antennae long, three 
times the length of the head. An average of six specimens gave proportions 
of the segments as follows, 33 :44 :41 :47. Fourth abdominal segment about 
six times the length of the third. Unguis (Fig. 17) straight, rather nar-
row, with a pair of external teeth one-fourth the unguis length from its 
base and three pairs of teeth on the inner margin. Unguiculus slender and 
pointed, reaching to a point midway between the first and second pairs of 
inner teeth of the unguis. Tenent hair a little shorter than the unguis. 
Furcula reaching the ventral tube. Manubrium three-fourths the length 
of the dentes. Heavy corrugations of the dorsal dental surface ending 
about twice the mucronal length from the tip of the dens; minute crenula-
tions continuing on to the base of the mucro, which is of normal shape 
(Fig. 16). Length 3.2 mm. 
This large, distinct species appears to be a rather uncommon resident 
of the leaf mould, where it was taken in association with Orchesella ainsliei 
:F'olsom. It is rather quiet in its actions, often remaining entirely motion-
less for some time when it fancies itself hidden behind a blade of grass. In 
spite of this habit it is extremely hard to catch, for it is a strong jumper 
and when disturbed may leap several times in succession. 
Texas: College Station, March 12, 1931. 
Bryan, May 5, 1931, Esther B. Mills. 
Huntsville, June 26, 1931. 
Tyler County, June 27, 1931. 
Milano, July 1, 1931. 
Entomobrya triang1daris Schott 
Ground color light yellow, pigmentation purple. .Apices of the first 
three antenna! segments and the whole of the fourth colored, the latter but 
lightly. Pigment on the cheeks extending onto the sides of the pronotum. 
Mesonotum bordered anteriorly and laterally with pigment; metanotum 
with a broad dorsal area colored, and a continuation of the lateral lines 
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Entomobrya i11tonsa n. sp. 
Fig. 13. Side view. 
Fig. 14. Right mucro. 
Fig. 15. Left eyepatch. 
Entomobrya nigri,ceps n. sp. 
Fig. 16. Left mucr-0. 
Fig. 17. Right hind foot. 
Fig. 18. Side view. 
Fig. 19. Left eyepatch. 
Pse-uilosinella rolfsi n. sp. 
Fig. 20. Right mucro. 
H. B. Mille· ·del. 
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of the mesonotum. First abdominal segment lightly pigmented laterally; 
second segment colorless; third segment entirely colored but for the pos-
terior lateral portions, the dorsal pigment extending slightly onto the 
anterior mid-dorsal portions of the fourth segment; fourth segment with a 
broad transverse median band becoming quite narrow across the dorsum ; 
fifth segment with the posterior two-thirds colored; sixth segment without 
pigment. .Apices of the hind femora with a band of light blue. .Antennae 
one and one-half times the length of the head. Eyes, eight on each side of 
the head, the two inner proximal ones in each eyepatch smaller. Unguis 
rather straight, with three pairs of teeth on the inner lamellae, and a pair 
of pseudonychiae. Unguiculus two-thirds the length of the unguis, rather 
broadly lanceolate, untoothed. Tenent hair slender, subequal to the unguis. 
Manubrium about two-thirds the length of the dentes. Corrugations of the 
dentes continuing very minutely to the bases of the mucrones, which are of 
the normal shape. Fourth abdominal segment four to five times the length 
of the third. Length 2 mm. 
The specimens at hand agree very well with the description and figure 
of Schott8 , who described the species from a single specimen taken in Cali-
fornia. In his discussion of the color pattern, however, he states that the 
sixth abdominal segment is colored instead of the fifth (the figure showing 
the opposite to be true), and he apparently missed the distal pair of teeth 
on the inner laniellae of the unguis. 
Washington : Tampico, March 1, 1931, .A. R. Rolfs. 
Puyallup, .April 25, 1931, .A. R. Rolfs. 
Tacoma, .April 26, 1931, .A. R. Rolfs. 
Pseiidosinella rolf S'i n. sp. 
Figures 20, 29 
Color entirely white. Eyes absent. .Antennae about one and one-half 
times the length of the head, the first segment slightly more than half the 
length of the second ,which is subequal to the third; fourth segment more 
than twice the length of the third and elongate-elliptical. Mesonotum ex-
tending completely over the protonum. Fourth abdominal segment four 
times the length of the third. Unguis broad, slightly curving at the tip, 
bearing a single small tooth beyond the middle of the inner margin and 
an extremely large lamellated tooth arising from the posterior lamella at 
the base (Fig. 29 ) . U nguicul us slender, reaching as far as the single small 
inner tooth of the unguis, and bearing an obliquely truncate lamella for 
two-thirds of its length externally. Tenent hair very heavy, with a large 
distal swelling and a basal flattening which seems to be characteristic; 
slightly shorter than the unguis. Manubrium to the dentes about as 27 :42. 
Dental corrugations strong, ending abruptly about the length of the mucro 
from the dental tip. Mucro (Fig. 20) of the usual type, the basal spine 
long. Body covered with fringed clavate hairs. The specimens were killed 
in hot alcohol, and the body scales are not apparent. Dentes scaled ven-
trally and with lateral pinnate setae. Length 1.5 mm. 
This species is related to the European Pseudosinella petterseni 
Borner, and P. violenta Folsom and P. folsomi Denis of North .America. 
'Proc. Calif. Acad. Sci., w2nd series, 6:182-183, 1896. 
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It agrees with the genus in the presence of the large "wing tooth" of the 
unguis, the reduction in pigment and in number of eyes, but is distinct 
in the size of the tenent hair which is large even for the normal Lepido-
cyrtus forms. 
This species, I take great pleasure in naming for its discoverer, Mr. 
A. R. Rolfs, who collected the six co-types from beneath stones at Yakima, 
Washington, March 22-24, 1931. 
Salina decorata n. sp. 
Figures 21-28 
Body color gray to yellow. Irregular lateral blue-brown blotches on 
head. Small blue spot on vertex and a line connecting the eyespots through 
the antennal bases. Lateral blue margins on the meso- and metanotum, and 
first abdominal segment, continuing in company with a ventro-lateral blue 
line on the second and third abdominal segments. Another indefinite blue 
line begins dorso-laterally on the third abdominal segment and continues on 
to the fourth, where it breaks into a number of blue blotches. Fifth and 
sixth segments blue laterally. A faint, brown, median longitudinal line 
on vertex, extending onto the body, bifurcating on the mesonotum, and 
continuing as two brown dorso-lateral lines as far as the middle of the 
fourth abdominal segment, where each line ends in a blue-brown spot. A 
median brown line begins where these lines end, continuing to the posterior 
margin of the fourth segment. The brown dorso-lateral lines are usually in-
terrupted on the third abdominal segment, and the single posterior median 
brown line of the fourth is often more red-orange than brown. Antennae 
light blue, the first two segments light basally with dark distal rings. Legs 
washed with blue, which deepens to apical bands on the femora; blue 
freckles on the femora and in darker specimens on the tibiotarsi also. 
Furcula colorless or slightly washed with blue. Eyes (Fig. 24), eight on 
each side, the two inner proximal ones smaller, on deep brown eyepatches. 
Antennae longer than the body (as 4 :3), the relative lengths of the seg-
ments in one specimen as 21 :37 :33 :36. Third abdominal segment to the 
fourth about as 4 :45. Unguis (Fig. 23) with two pairs of inner teeth. Ungui-
culus broad, with two ribs: obliquely truncate distally. Tenent hair half 
again as long as the unguis, minutely pubescent. Manubrium slightly more 
than two-thirds the length of the dentes. Mucrones (Figs. 25-28) normally 
tridentate, varying nearly to a bidentate form. Dentes with the usual blad-
der-like structure apically. Body covered with many short, reclinate setae. 
The available material is rubbed, so the large fringed, clavate hairs are 
largely absent. Maximum length 2.1 mm. 
The specimens from Texas were taken running about on the bark of 
pine logs after a rain. They were very active. 
Florida: Gainesville, March 12, 1925, T. H. Hubbell. 
Texas: Tyler County, June 27, 1931, H. B. Mills, V. A. Little and 
S. R. Warner. 
This species resembles the second form of Salina trilobata described 
by Schott from Mexico\ and also S. tricolor (Handschin) of India. From 
'Proc. Calif. Acad. Sci., 2nd series, 6: 175-178, 1896. 
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Salina; decorata n. sp. 
Fig. 21. Side view. 
Fig. 22. Dorsal view. 
Fig. 23. Right middle foot. 
Fig. 24. Left eyes. 
Fig. 25. Right mucro. 
Figs. 26-28. Variations in mucrones. 
Pseudosinella rolfsi n. sp. 
Fig. 29. Left hind foot. 
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the latter it can be distinguished by the color pattern of the fourth ab-
dominal segment, and the dentition of the claws. There is, however, a 
superficial resemblance to Schott 's form, which, on examination of his 
structural figures, is hard to verify. Under the name S. trilobata Schott 
describes two forms as color varieties; first, ground color white with a 
broad dorsal stripe changing from rusty brown to black posteriorly, and 
second, black lateral borders which become interrupted after the first 
abdominal segment and two rusty brown dorsal streaks. He speaks of no 
intergrades between these forms and it is possible that he had at hand two 
species instead of one as he supposed. Upon consulting his figures, there 
is no great resemblance between them and the species here described. The 
unguis in S. trilobata bears three inner teeth at about the middle, and the 
tenent hair scarcely exceeds the unguis in length. Schott 's discussion of 
the teeth of the unguis differs from his figures and more closely approxi-
mates the condition found in S. decorata. The distal bladder of the dentes 
in S. trilobata has a ''dotted'' appearance which is absent in S. decorata. 
The types of the Mexican species were destroyed in the San Francisco 
earthquake and fire of 1906. 
In conclusion, it is possible that Schott had two species before him 
while describing Salina trilobata, and if not, at least two distinct color 
varieties. If his forms are different, the name S. trilobata would include 
the ones with the broad, rusty-black dorsal stripe, and the other (described 
in the next paragraph) would require a new designation. The species S. 
decorata is described as new because of the uncertainty concerning Schott 's 
material. 
Nearctic species of this genus may be keyed out as follows: 
1. Color olive, a blackish-purple line down each side. Florida ....... . 
.................................................................................... banksi MacGillivray. 
Color not as above.................................... ............................................ 2 
2. Dorsum covered by a broad, rusty-black stripe. Northwest 
Mexico ................................................................................ trilobata Schott 
Dorsum with two rusty-brown longitudinal lines, united on the 
mesonotum and continuing to the middle of the fourth abdominal 
segment where they are replaced by a single median line to the 
posterior inargin of that segment. Sides irregularly marked with 
purple. Florida and 'l'exas ................................................ decorata n. sp. 

NECTARIES OF CAPSICUM 
J. N. MARTIN, A. T. ERWIN AND C. C. LOUNSBERRY 
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Accepted for publication March 18, 1932 
The purpose of this article is to report the presence and describe the 
structure and functioning of the nectaries in some of the varieties in the 
genus, Capsicum. The secretion of nectar has not been considered charac-
teristic of this genus of the Solanaceae. The authors found no account of 
nectaries within the genus Capsicum. The failure of nectaries in this genus 
to attract the attention of biologists is ascribable to the absence of conspicu-
ous accumulations of nectar and to the lack of special interest in the flowers 
on the part of bees. The pungency of the capsaicin present in the nectar 
is probably responsible for the indifference of ,bees toward the flowers1 . 
LITERATURE 
·" The reports on other genera of the Solanaceae indicate considerable 
diversity in respect to nectaries. 
Bonner ( 1) states that, in most Solanaceae, the sugar is distributed 
through the parenchyma of the ovary with no special place of emission. In 
Lycium ba1·barum, Bonnier says the nectariferous tissue is localized in the 
bases of the carpels. This is in accord with Miiller 's ( 4) statement that 
honey is secreted in large quantities by the ovary in Lycium barbarum. 
According to Knuth ( 3), who refers to nectaries in ten genera of the 
Solanaceae, the nectar is secreted below the ovary in the genera, Physalis, 
Atropa and Mandrogora; by the base of the ovary in the genera, Lycium, 
Nicandra, Hyoscyamus, Nicotiana, and Datura; by an annular disk below 
the ovary in the genus Scopolia; and by a swelling at the base of the ovary 
in the genus, Physochlaina. 
In the flowers of Datu_ra stramoniiim, Knuth ( 3) describes :five tubular 
passages at the base of the corolla. These tubular passages are the grooves 
between the :filaments which are adnate to corolla tube by their narrow 
posterior margins. Through the expansion of the inner margins of the 
filaments the grooves are roofed over and become tubular. Knuth refers to 
a statement by Kerner that similar grooves are present in the corolla of 
Physalis Alkekengi. Knuth describes pairs of capitate projections between 
the corolla lobes in Solanum Dulcamara. These he regarded as nectaries. 
FLORAL STRUCTURES RELATED TO THE NECTARIES 
The corolla in the genus Capsicum is gamoptelous. The basal portion is 
a short tube a few millimeters in length and more or less cylindrical in shape. 
From the top of the corolla tube the petals flare outward, forming corollas 
'The most nectar found was in the Tobasco and Cayenne groups. Among those va-
rieties with nectar most noticeable were Chili, Anaheim Chili, Short Thick Cayenne, Long 
Slender Cayenne, Tobasco, Japanese Miniature, Japanese Ornamental, and Cerise. 
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ranging from bell- to wheel-shaped in the different types. The stamens 
alternate in position with the lobes of the petals. The bases of the fila-
ments are adnate to corolla tube. The separation of filaments from corolla 
tube occurs a short distance below the rim of the tube, resulting in the 
presence of narrow spaces between backs of filaments and top portion of 
tube. The corolla-filament tube is comparatively thick and closely jackets 
the ovary. Between the filaments and near the top of the corolla tube 
occur pairs of projections (Plate I, fig. 4). These projections arise from 
the inside and near the rim of the corolla tube. In some varieties they 
are so prominent as to suggest aborted stamens. These projections appar-
ently correspond to those in Solanum Ditlcamara, which have been de-
scribed by Knuth (3) and regarded by him as true nectaries. 
Between the members of each pair of projections is a deep but nar-
row groove traversing almost the entire length of corolla tube (Plate I, 
fig. 4). The grooves are deepest at their upper end, reaching almost to 
the mid-vein of the petals (Plate I, fig. 3, and Plate II, fig. 2). They are 
similar to the grooves referred to in Physalis Alkekengi. When secreting 
is in progress these grooves serve as tubes, and their openings at their 
upper ends are the pores through which much of the nectar reaches the 
surface of the petals (Plate I, figs. 1 and 4.). 
Also between the filaments of the stamens and corolla tube occur duct-
like openings where nectar accumulates (Plate I, fig. 2) . These ducts, one 
back of each filament, are formed through the gradual separation of fila-
ments from corolla tube. The separation begins as a slit-like opening be-
tween back of filament and corolla tube. This slit-like opening widens and 
gradually extends in a semi-circle as the top of tube is approached until 
it cuts through to inner surface of tube, thus making the separation of fila-
ment and corolla complete (Plate I, fig. 2). These duct-like spaces between 
filaments and corolla both secrete and conduct nectar. 
CHEMICAL STUDY OF THE NECTAR 
Drops of the secretion were pressed from flowers onto a slide and 
tested for sugar. With Fehlings' and Fluckiger 's reagents, abundant cup-
rous oxide appeared after heating. With phenyl hydrazine hydrochloride, 
0sazone crystals formed in abundance (Plate I, fig. 5). The osazone crystals 
formed during and immediately after the cooling of the solution. They 
were yellow, slender, sharp pointed crystals, having the characteristics of 
the osazones of fructose and dextrose (Plate I, figs. 7 and 8). However, 
the test with Fluckiger's reagent for fructose was negative. The drops of 
secretion also contained much capsaicin which was detected by its pungency. 
When tests for sugar were applied to the corolla tube cuprous oxide 
crystals and osazones formed in abundance, not only on the surface but 
within the tissues of the corolla and filaments of the stamens (Plate I , 
fig. 6). The vascular bundles in basal portions of filaments and petals were 
crowded with osazones. Either the sugar becomes generally distributed by 
diffusion from places of formation or its formation is a function common 
to most of the cells in the bases of the petals and filaments. 
The thickness of the tube formed by fusion of filaments and corolla 
tube is greatest just below the rim of the tube. In this region the grooves 
are deepest, and the paired projections are present. This portion of the 
tube, on account of its greater thickness, is cushion-like in appearance. It 
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was in the tissues of this region that the greatest abundance of crystals 
occurred (Plate I, fig. 6). There was only slight evidence of sugar at the 
base of the corolla tube and in the corolla above the tube. In the filaments 
of the stamens the osazones were abundant only in their bases, only a few 
occurring above the level of the rim of the corolla tube. 
In cross and lengthwise sections of the entire flower subjected to the 
osazone test, the greatest display of sugar occurred on the inner surface 
of the corolla tube in the region of grooves. Here the crystals were ex-
tremely large and aggregated into mammoth clusters. In the tissues of the 
corolla there were many clusters of small crystals. In the ovary wall the 
crystals were few. In the placentas the crystals were about half as numer-
ous as in the tissues of the corolla. They, too, were small and aggregated 
into small culsters. No formation of mucilage was observed in any part of 
the ovary. There was no indication that the ovary functions as a nectary 
as has been reported in Lycium barbarum. 
THE SECRETING MECHANISM 
Accompanying the appearance of the secretion, certain cells in the 
thick, cushion-like region of the corolla-filament tube undergo changes that 
suggest they have a special functiim in the secretory process. The most 
marked of these modifications is the formation of a thick layer of mucilage 
in the inner epidermis of the cushion-like region of the tube. 
Previous to the opening of the flower and to the appearance of nectar, 
the cells of the inner epidermis of the tube have dense protoplasm with 
much starch in both inner and outer regions (Plate II, fig. 1). The outer 
cell wall is comparatively thick. It consists of three rather distinct layers 
(Plate II, fig. 1). The outermost layer is cuticle, giving a definite reaction 
for cutin with micro-chemical tests. The middle layer reacts with cellulose 
tests, swelling and becoming blue almost immediately when chlor-zinc-
iodide is applied. The inner layer is cellulose, but much more resistant to 
reagents than the middle layer. 
During the process of secreting the middle layer swells, becomes muci-
laginous and pushes up the cuticle, forming large blister-like elevations 
(Plate 1, fig. 3 and Plate II, fig. 2). The cuticle is finally ruptured and the 
secretion oozes out to the surface, through the layer of mucilage, causing 
the inner surface of the cushion-like region of the corolla-filament tube to 
have a dull, glistening appearance. While the modifications are taking 
place in their outer wall, the starch in the protoplasm of the epidermal 
cells disappears, a fact suggesting that the starch is utilized in the forma-
tion of the mucilage and nectar. 
The most general involvement of epidermal cells in the formation of 
the mucilaginous secretion is displayed in and around the grooves. Through 
the concerted .action of all the epidermal cells in this region, there is a uni-
form accumulation of mucilage and the cuticle is elevated as one large 
blister (Plate I, fig. 3, and Plate II, fig. 2). The only epidermal cells not 
displaying modifications in this region are those in the bottom portion of 
the grooves. This feature permits the bottom portion of the grooves to 
remain open and serve as tubes when the upper portions of the grooves are 
choked with the expansion of the epidermal cells through the swelling of 
their walls. The upper ends of these tubes are the pores noticeable on the 
petals at the top of the corolla tube. The secretion oozing from sides of 
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the grooves and from nearby regions of the inner epidermis of the corolla-
filament tube accumulates in the bottom of the grooves and they afford the 
outlet to the surface of the petals. 
Through the displacement of the middle layer by the swollen mass of 
mucilage, the cell walls are much distorted and thickness greatly increased. 
'l'he elevating and stretching of the cuticle results in its destruction. The 
inner layer of wall shows no noticeable modifications. Its outer border, 
however, is not distinct from the mucilage, and thus there is the possibility 
that its outer portion may be included in the process of gelatinization. The 
density of mucilage decreases towards the exterior, its percentage of water 
being high in the region of the cuticle. 
The cells of the outer epidermis of the corolla tube, as compared with 
those of the inner epidermis, are smaller, the contents less dense, and the 
outer wall is not so thick. At places, but less generally, the outer epidermal 
cells behave as the inner. The middle layer of their outer wall swells, thus 
forming the blister-like elevations and rupturing the cuticle (Plate I, fig. 
3). The location of these areas is commonly opposite a groove and thus 
near the main veins of the petals, but they occur anywhere on the outer 
surface of the tube. Whether or not nectar appears in appreciable amounts 
on the outer sm·face of the corolla tube was not determined. 
In the duct-like spaces between the backs of the filaments and the 
corolla tube, the epidermal cells of both filaments and corolla appear al-
most as active as those in and around the grooves. The epidermal cells, the 
entire way around the filaments just above the place where the filaments 
become free from the corolla tube, are mucilaginous and apparently secret-
ing. In the tests the vascular bundles in this region of filaments showed an 
abundance of sugar. 'rhe nectar oozing from these areas is the liquid which 
often fills the spaces between filaments and the rim of the corolla tube. 
The sub-epidermal and all cells within the corolla-filament tube, except-
ing vascular tissue, have thin cellulose walls and thin peripheral layers of 
protoplasm. They contain some starch, but much less than epidermal cells. 
As previously stated, at the time nectar is being secreted, both cuprous 
oxide and osazones resulting from the respective tests appear scattered 
throughout the entire thickened or cushion-like region of the corolla-fila-
ment tube with greatest concentration in the vascular bundles of both the 
corolla and filaments (Plate I, fig. 6). 
Occasionally masses of mucilage were observed here and there in the 
parenchyma tissue of the corolla-filament tube. They usually occupied the 
spaces of a number of cells. A study of their formation revealed a dis-
solving of cell walls and fusion of cell contents. In the sugar tests there was 
no evidence that these internal mucilaginous regions contained more sugar 
than surrounding tissue. They were found only in a few flowers, and were 
considered of no special significance. 
The secreting mechanism in the genus Capsicum, as shown by the forms 
included in this study, is not a distinct morphological structure, as typical 
nectar glands are. It consists of the corolla tube and adnate basal portion 
of the filaments. The inner epidermis of the corolla-filament tube, because 
of its formation of much mucilage, participates most noticeably in the 
secretory process. The parenchyma of the corolla-filament tube apparently 
contributes some of the sugar in the nectar through the conversion of the 
starch its holds in storage, while it is probable that the vascular bundles 
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of the corolla-filament tube contribute sugar directly from the transpor-
tation stream. 
SUMMARY AND DISCUSSION 
A number of the forms in the genus Capsicum secrete a liquid which 
accumulates in noticeable drops on petals and in spaces between the backs 
of filaments and the corolla tube. Tests show that this liquid contains an 
abundance of dextrose, and may be regarded as nectar. 
The nectar is secreted by the tube at the base of the corolla. This tube 
is the result of the fusion of the corolla tube and the bases of the filaments. 
On the inside of this tube and between the filaments are grooves that open 
as pores on the inner surface of the petals at about the level or a little above 
the rim of the corolla tube. These grooves function in secreting, collecting, 
and in conducting the nectar to the surface of the petals. Between the fila-
ments and the corolla tube, the nectar often fills the space to the level of 
the rim of the tube. 
The feature of the secreting process most noticeable is the accumula-
tion of mucilage in the outer cell walls of the inner epidermis of the corolla-
filament tube. This is manifest most in and around the grooves on the 
inner side of the tube and betwee the backs of the filaments and the corolla 
tube. The mucilage replaces the middle layer of the outer wall of the epi-
dermal cells. Its accumulation elevates and destroys the cuticle. Through 
the layer of mucilage the secretion oozes to the surface. 
There may be two sources of the sugar present in the nectar. Much of 
it may rsult from the conversion of the starch so generally present through-
out the tissues of the corolla-filament tube. Evidences of this source of the 
sugar are the disappearance of the starch and the general distribution of 
sugar throughout these tissues at the time of the formation of the nectar. 
The other source suggested is the vascular bundles. The abundance of sugar 
in the vascular bundles of the corolla-filament tube at the time the nectar is 
appearing suggests that at least some of the sugar in the nectar may come 
directly from the transportation stream. 
The apparent source of the mucilage in the epidermal walls is the 
middle layer. The thickness of the middle layer previous to the formation 
of the mucilage, its replacement by the mucilage, and the similarity of the 
middle layer and mucilage in reaction to cellulose tests are evidences of this 
relationship. However, there is the possibility that the middle layer may 
be, in part at least, a place for the accumulation of mucilage formed in the 
protoplasm or from materials transported from the protoplasm of the epi-
dermal cells. Hanstein (3), who made an extensive study of the formation 
of slimes and resins in leaf buds, describes many cases in which the slime 
is in the middle layer of the cell wall. He concluded that in some cases the 
slime arose entirely from the middle layer, and in other cases partially 
from protoplasmic contents transported into the middle layer, where they 
are changed into cellulose and then into slime or directly into slime. He 
reported the transformation of the middle layer into slime in some of the 
epidermal walls in the leaf buds of the genera Datura and Nicotiana of the 
Solanaceae. 
The layer of mucilage decreases rapidly in density towards its outer 
border, where its fluidity approaches that of water. The nectar is the 
liquefied mucilage plus sugar and also other elements incidentally present. 
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'rhe mucilage apparently is the mechanism responsible for the exudation 
of the nectar. What appears to take place ·is that the dense inner region 
of the layer of mucilage imbibes the solutions from the tissues beneath while 
the outer region of the mucilage, through liquefaction and resulting loss of 
imbibition, permits the solutions to flow away. 
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PLATE I 
Fig. 1. Flowers of one of the varieties of the genus Capsicum with pores where drops 
· of nectar a.re found indicated at 0. 
Fig. 2. Cross-section of corolla-filament tube and ovary. · Section .is through thick 
portion of tube. The duct-like spaces between filaments and corolla tube are indicated 
at a and the grooves of the tube at b. 
Fig. 3. Cross-section of a portion of the corolla-filament tube showing at u the gelatiniz-
ation of epidermal walls in. and !IXOund grooves on inner surface of corolla.-filament tube 
and also on outer surface of tube. At v is the vascular bundle immediately below the 
groove. 
Fig. 4. Intjlrior of corolla-filament tube showing at a the projections present on corolla 
tube between filaments and showing at b the grooves on the inner surface of tube. 
Fig. 5. Osazones resulting . from sugar teat on drop of nectar from a capsicum flower. 
Fig. 6. A portion of corolla-filament tube after being heated in phenyl hydrazine hydro-
chloride and sodium acetate. At a are two filaments with vascular bundes filled with 
osazones. At b is the thickened portion of corolla-filament tube where osa.zonee are most 
abundant, especially in the parenchyma tis.sue of tube. 
Fig. 7. Mammoth clusters of large osazone crystals that formed on eurface of corolla-
filament tube. 
Fig. 8. Smaller clusters of osazones that form in the parencl1yma of thickened portion 
of corolla-filament tube. 
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PLATE II 
Fig. 1. A portion of a cross-section of corolla-filament tube showing inner epidermis E 
p1·evious to the appearance of the mucilage in middle layer. Also three parenchyma 
cells below. Cuticle is indicated at C, middle layer at M and inner layer of wall at I. 
The dark bodies in protoplasm of cells represent starch. 
Fig. 2. Cross-section of a portion of the corolla-filament tube at time secreting is in 
progress. C, groove closed for most of its depth by gelatinization of epidermal cell walls. 
T, bottom of groove remaining open and serving as a tube for conduction of nectar. 
B, layer of mucilage forming in middle layer of outer epidermal wall. V, vascular bundle. 
NECTARIES OP CAPSICUM 
PLA'J'E JI 
1 . 
.i.:.J:__ 
285 

THE EELATIVE TOXICITY OF PYRIDINE AND NICOTINE IN 
THE GASEOUS CONDITION TO TRIBOLIUM CONFUSUM DUV AL1 
CHARLES H. RICHARDSON AND LomsE E. HAAS 
From the Department of Zoology and Entomology, Iowa State College 
Accepted for publication March 31, 1932 
In order to compare the toxicities of a series of compounds to a living 
organism, one must first ascertain the concentration of each compound 
that permits the survival, in a certain time interval, of approximately one-
half the population of the organism, 6, 21, 2. This is usually accomplished by 
making a number of experiments from the results of which toxicity curves 
may be plotted with concentration or time as the independent variable and 
the percentage of mortality as the dependent variable. From these curves, 
the median lethal concentrations, or 50 per cent points, may be calculated. 
In an investigation of this kind, the question of the relation of the 
toxicity ratio to exposure time is..of first importance. For example, the 
question may fairly be asked whether the relative toxicity of two com-
pounds determined at five hours is the same as that determined at two 
hours (19). Obviously, if this ratio is altered with a change in time, it must 
be considered as a specific rather than a general attribute of the toxic com-
pounds. 
The investigation of the relative toxicity of pyridine and nicotine was 
undertaken for several reasons. First, it was desirable to answer, if pos-
sible, the above question. Furthermore, the relative toxicity of these cam-
pounds, the molecules of which have a certain structural relationship, are 
of interest on theoretical grounds. In addition, both compounds have been 
used to control insects, and nicotine is at present widely employed for this 
purpose. Accurate determinations of their toxicity in the gaseous condition 
to insects have not yet appeared in the literature. 
The writers are indebted to Dr. R. M. Hixon, Department of Chem-
istry, Iowa State College, for suggestions concerning the design and opera-
tion of apparatus, and for samples of pure chemical compounds; and to 
Professor G. W. Snedecor, Department of Mathematics, for advice on sta-
tistical matters. To Dr. L. C. Craig, they acknowledge generous aid in 
several ways. 
HISTORICAL 
In searching for fumigants, a number of investigators have experi-
mented with pyridine and nicotine. Trillat and Legendre (22) made tests 
on insects with these compounds in 1909. McClintock, Hamilton and Lowe 
(14) found that nicotine was invariably more effective as a fumigant to 
several species of insects than was pyridine. Using nearly saturated at-
mospheres upon the oriental cockroach, Periplaneta orientalis (L), Holt 
(11) found that pyridine was lethal in 75 minutes, nicotine in 180 minutes. 
1Journal Paper No. B49 of the Iowa Agricultural Experiment Station. 
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The concentration of the former compound, under these conditions, was 
probably 30 times that of nicotine. Moore ( 15) killed houseflies, Mus ca 
domestica L., in 400 minutes at 21°C. with 21.7 millionths of a gram 
molecule/liter of pyridine and 2.4 millionths of a gram molecule/liter of 
nicotine. Nicotine was therefore 9 times more toxic than pyridine on the 
molecular basis and 4.6 times more toxic when concentration was expressed 
as milligrams/liter. The criterion of toxicity was the death of 100 per cent 
of the insects used. According to Moore and Graham ( 16), the eggs of the 
Colorado potato beetle, Leptinotarsa decemlineata (Say), are killed by 1.8 
millionths of a gram molecule/liter of nicotine, the exposure time being 15 
hours. Tattersfield and Roberts (20) found pyridine to be moderately toxic 
to wireworms; death occurred at a concentration of 6 mg./liter and recovery 
at 4.7 mg./liter in 1,000 minutes, the temperature being 15°C. De Ong (5) 
gives some data on the toxicity of nicotine in gaseous form to aphids, which, 
however, are difficult to interpret in this connection. Neifert, et al ( 18), 
included pyridine among a large number of organic compounds which they 
tested on several species of grain-infesting insects. Pyridine was stated to 
be effective at 2.9 g.jliter ( 0.83 molar per cent), the exposure time being 
24 hours. 
In the above studies, no determinations of the median lethal concen-
tration were made. Jewson and Tattersfield (12), however, give this in-
formation for pyridine, the mite, Tyroglyphus longior Gervais, being 
the test organism. At a concentration of 5 mg/liter and a three hour ex-
posure, 50 per cent of the mites survived. The temperature was 15° to 18° 
C. More recently, Craig (3) has studied the relative toxicity to Tribolium 
confusum of a group of nitrogen heterocylic compounds which included 
pyridine and nicotine. Pyridine killed 50 per cent of the insects at a con-
centration of 34.6 mg/liter in 158 minutes, whereas nicotine in the same 
time required 0.031 mg./liter. The toxicity ratio, 1,116, is very materially 
larger than that obtained with our insects. The difference seems to depend, 
in part at least, upon the fact that the age limits and nutrition of the larvae 
were more closely controlled in our cultures than in those used by Craig. 
MATERIALS 
The insects used in this investigation were adults of tne confused fl.our 
beetle, Tribolium confusum. Individuals of known age limits were ob-
tained by removing the adults from the stock cultures in whole wheat and 
placing them in white fl.our, the food value of which had been increased by 
the addition of three per cent of brewer's yeast. Every twenty-four hours, 
the fl.our was sifted through a number 20 sieve (U. S. standard) to remove 
the beetles and then through sieve number 60 to remove the eggs. 'l'he 
eggs, which were obtained from the same lot of beetles for not longer than 
one week, were placed in coarsely ground whole wheat fl.our in wide cul-
ture dishes, where they hatched, and the larvae completed their develop-
ment. The temperature was held at 25° C., the relative humidity at 60 
to 70 per cent. Adults were used in the experiments when they reached an 
age of 20 d!!:ys, and were in most cases discarded when more than 50 days 
old. 
The compounds used were as follows: Pyridine (Merck) redistilled, 
boiling point 112°-113° C.; nicotine prepared from the hydrochloride ac-
cording to the method of Harlan and Hixon ( 10) . Another sample, analyz-
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ing 99.32 per cent nicotine, was prepared by distillation from 98 per cent 
nicotine. 
THE APPARATUS 
The apparatus was patterned in general after that of Neifert and Gar-
rison ( 17), who were probably the first to describe the use of flow meters to 
measure the concentrations of gaseous insecticides. As nicotine is strongly 
absorbed by rubber (9), that portion of the apparatus traversed by the 
gas was constructed of Pyrex glass without rubber connections. (Fig. 1.) 
,. 
9· 9 f ti 
Fig. 1. The Apparatus: a, a' flow meters; b, b' air cushion bottles; c, c', c" dehy-
drators or humidifiers; d trap flask containing glass wool; e sodium hydroxide flask; 
f trap flask; g, g' dehydrators; h absorption bulb for toxic compound; i mixing flask; 
j, j' exposure fla&ks for insects; le absorption flask containing dilute sulphuric acid; 
Z pressure regulator; m T-tube; 1, 1', 2, 2', 3, 4, 5, Hofmann clamps; 6, 6', 7, B, 8' ground 
glass joints. 
All glass joints, 6, 6', 7, 8, 8', were ground and polished until they were gas-
tight. The air was drawn through the apparatus by means of a suction 
pump, its volume being measured in calibrated flow meters ( 4). The air 
which entered flow meter a' was first drawn through 20 per cent sodium 
hydroxide solution e to remove carbon dioxide, since nicotine readily ab-
sorbs it from the air, then through concentrated sulphuric acid scrubbers 
g, g' to extract the moisture. It then entered an absorption bulb of three 
compartments, h, where it was saturated with the compound under test. 
l!""rom here, it passed to a mixing flask i, where any desired concentration of 
the gas below saturation could be secured by dilution with air from flow 
meter a. The air flowing through a was dried in concentrated sulphuric acid 
or brought to the desired relative humidity in dilute sulphuric acid solu-
tions or saturated sodium chloride solutions, c to c", according to the de-
mands of the experiment. After the desired concentration of toxic com-
pound was obtained, the air was passed into the exposure flasks j, j' in 
which the insects were placed. Flask k contained dilute sulphuric acid to 
absorb the toxic compound from the air after it passed through the ex-
posure flasks. 
As the negative pressure produced by the water pump varied with the 
water pressure, over long periods of time, a pressure regulator l was in-
serted in the system to stabilize the rate of air flow. This regulator consisted 
of a large glass tube 95 cm. in length, filled with water, and fitted with a 
rubber stopper through which passed an arm of a T-tube m, and three glass 
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tubes of three cm. diameter. The glass tubes reached to the bottom of the 
large tube and were open at the top. The negative pressure at the suction 
pump was so adjusted that air was simultaneously drawn through the sys-
tem and through the three long glass tubes. If only a single long tube is 
used in the regulator, the bubbling is so violent that the flow of air be-
comes irregular ( 4). The large empty bottles, b, b', act as air cushions to 
reduce :fluctuations in the flow meters due to bubbling in the pressure 
regulator and in other parts of the system. The air flow through the sys-
tem was brought to the desired rate by means of Hofmann clamps 1, 1, 
2 and 2'. 
At the beginning of each experiment, the system was t ested for leaks 
by closing clamps 1 and 1' before starting the suction pump. If, after a 
few minutes, no bubbles appeared in k, the system was air-tight. 
The figures for the vapor concentration of the compounds in the air at 
25° C. were obtained from the loss in weight of the compound after a known 
volume of air had passed through the absorption bulb. Table 1 shows the 
values obtained with this apparatus. 
TABLE 1. Vapor concentration Qf plJridine and nicotine at 25° C. and 742 mm.. pressitre 
Compound 
Nicotine 
,, 
Pyridine 
,, 
,, 
Trials 
1 
2 
Loss in 
weight 
grams 
0.0167 
.0154 
Air passed 
through 
compound 
liters 
41.81 
36.02 
Av . ....................................... .......................... . 
1 .0826 0.70 
2 .1152 1.00 
3 .1144 1.00 
Av ........... ............................... .......................... . 
Concentration 
gram/liter 
0.00040 
.00043 
.00042 
.1180 
.1152 
.1144 
.1159 
The mean value for pyridine corresponds quite closely with that found 
by Craig (unpublished notes) ; the value for nicotine disagrees with that 
obtained by Harlan and Hixon (8), with a different type of apparatus, but 
agrees closely with that of Craig (unpublished notes) obtained under simi-
lar conditions. The difference observed is probably due to differences in 
the apparatus and to the presence of traces of impurities in our sample of 
nicotine. 
METHOD OF EXPOSURE 
After the Hofmann clamps were adjusted to give the proper rates of 
flow through the two flow meters, 15 or 20 minutes were generally required 
to bring the reading to a constant value and to fill the system with the gas-
air mixture. Clamps 3, 4 and 5 were then closed, 50 insects were quickly 
dropped through a small funnel into each exposure flask, the glass stoppers 
were replaced, and the clamps were again opened. After the exposure was 
completed, the time was noted. Each sample of insects was removed to a 
small bottle containing whole wheat flour and covered with cheese-cloth. 
The beetles were then placed in a constant temperature chamber at about 
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25° C. and 60 to 70 per cent relative humidity. They were examined after 
24 hours, and subsequently over a period of a week or more. 
The criterion of death was the inability of the insect to walk upon a 
flat surface. Preliminary tests showed that insects which could not walk 
after treatment nearly always failed to recover. Usually they died in a few 
days. When disturbed, Tribolium often feigns death; and it was therefore 
necessary to test each individual, which did not walk at once, by applying 
a slight pressure to the dorsum with the handle of a camel's hair brush. 
Examinations of each sample were made until two or three successive con-
cordant results were obtained. 
The tests of each day were accompanied by one or more control samples 
of 50 insects removed at random from the culture with the samples which 
were used in the experiments. Of nearly 7,000 control insects employed in 
the experiments, only 0.4 per cent died during the period of observation 
(average 8 days). This very low percentage of mortality is considered 
negligible insofar as these experiments are concerned. 
THE CALCULATION OF THE RESULTS 
The time required for one of the compounds to kill 50 per cent of the 
insects at constant concentratio and varying exposure time was deter-
mined by calculation from the toxicity data. Sufficient tests were made to 
define the course of toxic action from the region where few insects are 
killed to the region of about 100 per cent mortality. 
A smooth curve fitting these data is typically sigmoid in shape. As the 
portion of this curve between 25 and 75 per cent mortality is essentially a 
straight line ( 21), it is best fitted by the equation for a straight line. The 
regression formula, employed by statisticians, is such an equation, and its 
use furnishes a means of closely estimating, from the experimental data, 
the position of the point of 50 per cent mortality. The regression lines were 
calculated by the method of Wallace and Snedecor (23). Only those values 
of time or concentration corresponding to mortalities in the range of 25 
and 75 per cent were used in the calculations. 
When the time to kill 50 per cent of the insects with the first com-
pound was ascertained, toxicity data for the second compound were ob-
tained by holding this time constant and by varying the concentration. A 
regression line was then calculated from these toxicity data. The ratio of 
the calculated 50 per cent points of the two compounds gives the relative 
toxicity at the particular time level. 
The results are summarized in table 2, and are shown graphically in 
figures 2, 3, 4 and 5. 
DISCUSSION 
The results show that the concentrations of pyridine and of nicotine, 
expressed as milligrams per liter to kill 50 per cent of the insects, vary 
inversely with the ti.me. 'fhe relation, however, is not linear, the slope of 
the curve (for pyridine ) being steep in the r egion of high concentration and 
less steep beyond the 120 minute line (Fig. 6). 
In order to compare the toxicities of the two compounds at the same 
concentration levels, it is convenient to plot the 50 per cent points against 
time and concentration on a semi-logarithmic grid. The times now lie on a 
logarithmic scale, the concentrations on an arithmetical scale; and the dis-
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TABLE 2. Toxicity of gaseous pyri.dine and nicotine to aibults of Triboliwm confusum 
at 25° C. 
Concentration 
Compound milligrams/ Time 
liter minutes 
Pyridine 8.2' 
8.81 
9.41 
6.7• 
7.6' 
8.5• 
11.21 
12.91 
14.61 
10.3 
10.3 
10.3 
10.3 
10.3 
10.3 
17.0 
17.0 
17.0 
22.81 
27.71 
32.51 
115.9 
115.9 
115.9 
Nicotine .190' 
.2281 
.2651 
.139' 
.159' 
.1791 
.26 
.26 
.26 
.2201 
.2751 
.328' 
.42 
.42 
.42 
'Values calculated from regression equation. 
'Estimated values. 
360 
360 
360 
208 
208 
208 
133 
133 
133 
54.11 
87.61 
121.1' 
40.9' 
74.l' 
107.41 
35.4' 
41.8' 
48.2' 
20 
20 
20 
4.4' 
7.1' 
9.8' 
360 
360 
360 
300 
300 
300 
86.41 
201.61 
316.8' 
175 
175 
175 
1001 
1331 
166' 
Relative 
humidity Mortality 
percentage percentage 
0 25 
0 50 
0 75 
0 25 
0 50 
0 75 
0 25 
0 50 
0 75 
68 25 
68 50 
68 75 
60 25 
60 50 
60 75 
0 25 
0 50 
0 75 
0 25 
0 50 
0 75 
0 25 
0 50 
0 75 
0 25 
0 50 
0 75 
0 25 
0 50 
0 75 
-
38 25 
38 50 
38 75 
0 25 
0 50 
0 75 
0 25 
0 50 
0 75 
!z 
.. 
u 
100 
60 
d .40 ., 
a. 
• 
,_ -0 
0 
c[ 
© 
. 
. 
• 
- t 
20 
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Fig. 6. Semilogarithmic plot of the points of 50 per cent mortality for pyridine 
and nicotine showing relative toxicity at va1·ious time-concentration levels. 
tance between the two curves at any comparable time-concentration level 
gives at sight the relative toxicity. This is shown in figure 6, where at 130 
minutes, nicotine is 22 times as toxic as pyridine; at 180 minutes, 29 times; 
at 240 minutes, 35 times; at 300 minutes, 27 times; at 360 minutes, 44 times. 
The mean for the five time levels is 31. When a straight line is fitted to the 
observations in the flat region of the curves the mean of the ratios for the 
120, 240 and 360 minute time levels is 28. The relation in this region is 
apparently not quite linear, but the estimate of 31 taken from figure 6 is 
probably a fairly close approximation of the ratio of the toxicities of the 
two compounds. 
The validity of the calculations of the 50 per cent points was checked 
by duplicating the toxicity curves for pyridine at a fixed concentration 
( 10.3 mg./liter). In the first series of experiments, the 50 per cent point 
was found by calculation to be 87 .6 minutes. Four months later, a second 
series of experiments at the same concentration gave 74.1 minutes, a re-
duction of about 15 per cent. The agreement, however, is reasonably good 
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when viewed in relation to the entire curve (Fig. 6). In another series of 
experiments, with pyridine, made 22 days after the first, a concentration 
of 7 .6 mg./liter for 208 minutes gave mortalities ranging in three tests 
from 42.9 to 68.8 per cent, mean 55.3 per cent. Three tests made with nico-
tine, at 0.26 mg./liter, 38 days after the first, but for 208 instead of 201.6 
minutes, gave a range of mortalities from 32.6 to 66.7 per cent, mean 53.2 
per cent. These experiments demonstrate that the population of Tribolium 
from which the experimental samples were drawn behaved quite uniformly 
to these toxic gases, and that experimental results with the same pop1'llation 
can be approximately duplicated after a considerable lapse of time. 
The maintenance of a constant relative humidity added some mechani-
cal difficulties to the experimental procedure, and when rather wide differ-
ences in relative humidity showed little, if any, effect on the results, the air 
used in all experiments was dried to zero per cent. In table 2 and figure 6 
it will be seen that the 50 per cent points from experiments in which the 
relative humidity was zero per cent are no more variable than are those in 
experiments in which the relative humidity was 38, 60 or 68 per cent. From 
a study of the toxicity of hydrogen cyanide on several species of insects, 
Brinley and Baker (1) found that relative humidity had no observable 
effect on the toxicity of that compound. 
The toxicity data for both compounds enabled one to determine whether 
the effects are reversible, i. e., whether the compounds show any marked 
anesthetic properties towards this insect. By comparing the percentage of 
mortality of each test 24 hours after exposure with the percentage of mor-
tality of the final observation (usually made 7 days later), anesthetic 
effects were readily ascertained. In the experiments with pyridine, the 
number of cases of recovery after the initial observation about equals the 
combined number in which there was no change and in which the percent-
age of mortality had increased. Recovery after exposure to this compound 
was therefore not a noticeable phenomenon. In nicotine, however, it was 
more pronounced, 68 per cent of the experiments showing a decrease from 
the initial mortality in the final observation. The percentage of individuals 
recovering was also greater in the nicotine experiments, especially in some 
of those in which the exposure time was rather long. Reversibility to the 
action of paradichlorobenzene in mites, Tyroglyphus longior, has been re-
ported by Jewson and Tattersfield (12) and in Tribolium confusum by 
Lehman ( 13) . Instances of marked reversibility from the effects of carbon 
disulphide have been reported by Hamlin and Reed (7) in the Indian meal 
moth, Plodia interpiinctella (Hiibn.) and in the saw-toothed grain beetle, 
Oryzaephiliis surinamensis (L.). 
The selection of a criterion of death, which measures changes in the 
organism so profound that death invariably follows, and which still can be 
read to a sharp ''end point,'' is often a difficult problem. An apparently 
satisfactory ''end point'' sometimes changes when the organism is sub-
jected to widely varying concentrations of a toxic compound, and it is 
liable to even greater change as one passes from compound to compound. 
A variation of the latter type has been observed in the present series of 
experiments. The beetles that survived treatment with nicotine were in-
variably more sluggish in their movements than were those that had been 
subjected to pyridine. Though able to walk, they moved more slowly, and 
usually required a greater tactile stimulus to provoke movement than did 
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the individuals treated with pyridine. It is therefore probable that nico-
tine is slightly more toxic than its 50 per cent points indicated. 
It is not to be expected that the relative toxicity of pyridine and nico-
tine, derived from these experiments, will hold for all species of insects. 
Certain species are known to be much more resistant to toxic compounds 
than others; and most coleopterous insects will probably be classed among 
the more resistant groups. It is only through toxicity studies on many 
insects and many compounds that a complete knowledge of the resistance 
of insects to toxic substances will be built up. 
SUMMARY AND CONCLUSIONS 
1. The relative toxicity of gaseous pyridine and nicotine to the adult 
confused flour beetle, Tribolium confusum Duval, has been determined. 
2. The toxicity of the gases was determined in a closed apparatus, the 
essential feature of which was the presence of glass throughout the por-
tions in contact with the gas. Gas concentration was regulated by flow 
meters. 
3. The relative toxicity of .Pyridine and nicotine is approximately 
the same at all time-concentration levels. 
4. .At 25° C., nicotine is about 31 times as toxic as pyridine to T. con-
fitsum. 
5. Neither pyridine nor nicotine showed marked anesthetic properties 
in these experiments. Partial recovery was more pronounced from nicotine 
than from pyridine. 
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The rat lends itself exceedingly well for use as a host in which to cul-
tivate coccidia for the study of a number of general problems relative to 
these microorganisms. In the first place, it is an animal which is easily 
handled in the laboratory. Second, it is comparatively prolific and usually 
available. Third, much information has been accumulated concerning the 
normal growth rate of this animal and the effect of diet on its growth. 
Fourth, the animal's habit of dropping its egesta in the form of pellets is 
a distinct advantage in collecting the oocysts. Fifth, under the proper 
conditions it develops a prompt and complete, though not lasting, immunity 
to the coccidian parasites. And.,.sixth, when the animals are properly 
handled, the chances of accidentally spreading the infection where it is 
not wanted-as in the breeding cages or among the controls-are almost 
nil. 
The rat is the host for at least two well-defined species of coccidia-
Eimeria miyairii and E. separata. The name of the former was proposed 
by Ohira ( 1913), but his paper is unavailable to us and it is impossible to 
tell very much about the characters of the coccidium from the abstract. 
Following Pera.rd ( 1926), however, we are tentatively accepting Ohira 's 
designation for the coccidium of the rat with the larger oocysts. E. separta, 
the species with the smaller oocysts, was described in brief by Becker and 
Hall in 1931. Frequent comparisons of the two species will be made 
throughout the course of this paper. A summary of the characters of the 
two species appears in table 1. 
Strains of the two parasites were originally obtained from a rnixL·d 
infection in a wild Norway rat captured in the vicinity of our laboratory. 
The oocysts from the cecum of this animal were cultured in four per cent 
potassium dichromate solution for five days. Then some of the culture 
material was fed to laboratory rats. It was noted that at the end of five or 
six days small oocysts were present in the feces, and that on the seventh or 
eighth days larger oocysts made their appearance. By collecting and cul-
turing the oocysts which appeared on the fifth day and feeding them to 
clean2 rats, a pure strain of the smaller forms was obtained. A pure strain 
of the larger forms was obtained by collecting the oocysts which appeared 
on the eleventh day after the infective feeding. The first attempt was suc-
cessful with the smaller species, but it was necessary to pass the organisms 
through several rats in order to obtain a pure strain of the larger. 
All but a few of the rats used in the experiments were raised in our 
1This work was supported by a grant from the Rockefeller Fluid Research Fund at 
Iowa State College. 
'Used here to mean uninfected or never previously infected. 
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laboratory. The stock of rats employed was of exceedingly mixed heredity, 
for it came originally from at least four different sources. Whether this ac-
counts for the extreme variability in degree of susceptibility to the para-
sites which we met with remains to be seen. 
TABLE I. A comp.arison of the characteristics of E. miyairii and E. separata 
E. miyairii I E. separata 
Shape of oocysts Ovoidal I Ellipsoidal, seldom ovoidal 
Range in size of oocyst 16.2 to 26.4 µ. x I 12.8 to 19.4 µ. x 13.4 to 21.3 µ. 11.2 to 17.2 µ. 
Mean size of oocyst 22.5 µ. x 17.8 µ. 16.06 "" x 13.85 µ. 
L 
Average - of oocysts 1.265 1.16 
w 
Oocystic residual body absent absent 
Sporocystic residual body present I present 
Sporulation time 65 to 72 hrs. 27 to 36 hre. 
Prepatent period 7 to 8 days 5 to 6 days 
Patent period (single inoculation) 5 to 6 days 3 to 4 days 
Patent period (repeated inoculation) 5 to 8 days 4 to 6 days 
Av. no. oocystl'I discharged in pat-
ent period (repeated inocula-
tions) 5,421.3 x 10' 245.9 x 10' 
METHODS 
There is one point which we wish to emphasize especially: None of the 
rats used in the experiments here reported had a previous infection with 
coccidia, accidental or otherwise. The young rats were examined for oocysts 
by means of the salt flotation technique every third or fourth day from the 
time they were about three weeks old. Furthermore, either they were kept 
in cages with clean shavings on the bottom, the cages being changed and 
thoroughly dried every third day, or they were kept on screens. All food 
and water containers were sterilized with hot water daily. There were only 
two accidental outbreaks. One young rat in a breeding cage with nine others 
became infected when somebody carelessly admitted a large number of flies 
into the laboratory, and one control rat became infected. The latter infec-
tion is to be explained by the fact that the leavings of the infected rats 
were fed to some controls-a practice which was immediately discontinued. 
Had any of the growing rats become infected, we would have detected it 
during the routine examinations. 
The young rats, after weaning, were raised on a modification of the 
Steenbock growth ration, and milk and water ad libitum. The ration used 
was as follows : 
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Yellow corn meal --------------------------------------76.0 lbs. 
Linseed oil meal ----------------------------------------16.0 '' 
Commercial casein ---------------------------------- 5.0 '' 
Ground alfalfa ---------------------------------------- 2.0 '' 
Na Cl ---------------------------------------------------------- 0.5 '' 
CaC03 ---- -------- -- ------------------------------------------ 0.5 '' 
Dried buttermilk --------------------------------------12.0 '' 
The animals were given only the grain mixture and water while on ex-
periment. 
The rats on experiment were kept individually in specially made 
cages of hardware cloth fitted over 9 in. x 12 in. aluminum or enamel 
pans, so that the fecal pellets dropped through the meshes of the floor into 
water in the pan below. The food and water containers were so designed 
that very little of their contents dropped from them. 
The rats were infected by feeding them either a few ccm. of milk or 
a small cube of bread containin diluted culture material of a known con-
tent of sporulated oocysts. We found this method far more satisfactory 
than etherizing the rats and force-feeding them through a catheter. 
Our technique for counting the oocysts was simple, and we believe, more 
accurate than some of the more complicated ones. The water in the pans 
containing the pellets was poured into a beaker and permitted to soak for 
several hours. Then the material was thoroughly homogenized with an 
electric mixer. This process usually disintegrated all but the solid undi-
gested particles of food, although a little assistance with a fiat-headed 
stirring rod was occasionally required. The material was poured into a 
200 cc. volumetric flask and made up to the mark with water. Then it was 
again thoroughly agitated with the mixer. The coarser particles were re-
moved by dashing the material through screens in such a fashion that there 
were no accumulated particles to screen out oocysts. A small amount of the 
suspension was at once transferred to a haemocytometer of 0.1 mm. depth, 
and the oocysts in a volume of 0.9 cmm. were counted. The counts were 
made twice if they agreed closely; if not, four times. After the number of 
oocysts in 1.8 cmm. or 3.6 cmm. was determined, the daily yield was easily 
calculated. 
Measurements of the oocysts were made by means of the microscope 
and the camera lucida. We found a 20x eyepiece and the 44x high dry 
lens the most satisfactory combination. It was noted that oocysts often 
stand on end and appear to be more or less round. By gently tapping on 
the cover glass such specimens can be made to shift their position so as to 
reveal their true length. As a matter of fact, we did not find a single 
round oocyst of E. miyairii, although a very few of E. separata were al-
most round. The specimens were floated in sugar, transferred to a glass 
slide by means of a fiat-headed solid glass rod, and measured in the order 
in which they were encountered so that there was no selection of sizes. 
Generally at least fifty were measured from each day's collection, although 
in a very few cases it was impossible to find that many on the last day of 
the patent period. 
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THE SIZE OF THE OOCYSTS 
It was, of course, highly desirable to ascertain the exact size of the 
oocysts of the two species through the measurement of a large number of 
specimens of each. There was, however, a much broader problem involved. 
Certain recent authors-notably Boughton (1930), Fish (1931) and Tyzzer 
(1932)-deprecate oocyst measurements in the describing of new species. 
Boughton found that the oocysts of Isospora lacazei from infected sparrows 
varied considerably in size from time to time. He admits, however, that he 
may have been dealing with more than one species of parasite. Fish (1931) 
found that the oocysts of Eimeria tenella from chickens tended to become 
longer and broader as the infection progressed, so that a peak was usually 
reached before the infection elapsed; but the oocysts on the final day were 
larger than those on the first day. He states: ''Size is, at best, an un-
reliable specific criterion. . . . Specific biometric data, obtained at any one 
time during an infection may be entirely misleading when applied to 
oocysts from another host harboring the same species of parasites, or to 
oocysts from the same host at another time during the same infection.'' 
There is probably no doubt that in the past too much emphasis has been 
placed upon mere size as a specific character, and that there is a certain 
amount of justification in this attitude. Since the above-named workers all 
employed avian hosts, it seemed that a careful study of the value of 
measurements on mammalian coccidia would be in order. Moreover, the 
patent period for both E. miyairii and E. separata of the rat is compara-
tively short, and any generalized tendency for oocysts to change their shape, 
if such exists, would be telescoped into a shorter interval and thereby be 
more readily detectable. 
TABLE 2. Daily mean measiirements (in microns) on oocysts from rats harboring both 
E. miyairii and E. separata 
Day after Rat 10 Rat 11 Rat 12 Rat 13 
infective 
feeding L. W. L. w. L. w. L. w. 
5 15.4 12.9 16.2 13.4 16.2 14.0 15.5 12.9 
6 17.1 14.l 16.4 13.9 17.7 14.6 16.9 14.0 
7 16.2 12.7 16.4 13.6 18.3 15.2 17.2 14.5 
8 24.6 18.8 22.0 17.7 22.0 17.5 21.6 17.4 
9 21.1 16.8 22.0 17.7 21.3 17.2 22.2 17.6 
10 21.4 17.5 22.2 17.9 21.3 17.1 21.5 17.1 
11 21.9 17.9 21.9 18.0 21.7 17.5 21.5 17.9 
12 22.5 18.3 21.1 16.8 21.8 18.2 21.0 16.9 
Four sets of measurements were made with the same number of ob-
jectives in mind. The first oocysts measured were from four rats which 
had been infected once with a small number (100 to 200) of the sporulated 
oocysts taken originally from the cecum of a wild rat naturally infected 
with the two species. The second set of measurements was made to deter-
mine how well one might select oocysts of only one species (E. miyairii) 
from material known to contain oocysts of two species. For this experi-
ment four rats were infected by feeding them daily for ten days about 
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1,500 sporulated oocysts from the original mixed culture. The third set 
was made on oocysts from four rats infected by feeding each 425 sporu-
lated oocysts from a pure culture of Eimeria miyairii. The last set of 
measurements was of oocysts discharged from three rats infected exclu-
sively with Eimeria separata. These rats were infected by feeding each 
1,500 sporulated oocysts daily for five days. The results are summarized 
in tables 1, 2, 3 and 4. With very few exceptions, as noted above, each daily 
mean measurement is based on 50 specimens, except in the case of E. 
separata, for which the daily number was 25. 
Measurements of oocysts such as those presented in table 2 led us to 
suspect that our original material from the wild rat consisted of two 
species. The means for the first three days of the patent period varied 
from 15.4 µ. to 18.3 p. for length and from 12.7 µ. to 14.6 µ. for width. The 
means for the last five days of the patent period varied from 21.0 µ. to 
24.6 µ. for length and 16.8 µ. to 18.8 µ. for width. If the measurements of 
the entire 1,600 oocysts were plotted, they would make a bimodal curve. 
The smaller forms only were present on the fifth and sixth days, and on 
the seventh day they constituted all but an almost negligible fraction of 
those measured. On the last five days of the patent period the oocysts were 
almost exclusively those of E. miyairii. The reason for the presence of 
only E. separata early in the infection was due to its short prepatent period. 
Its almost total lack of effect upon the measurements after the seventh day 
is due to the facts that it does not appear in the enormous numbers en-
countered in the other species and that the patent period is characteristically 
not over four days after a single infective dose of the sporulated oocysts. 
Certainly in this instance we have demonstrated beyond a doubt that there 
are instances where oocyst measurements have a distinct value. 
TABLE 3. Daily mean measurements in microns of oocysts selected for E. miyairii 
from rats infected with both E. miyairii and E. separata 
Day after Rat 22 Rat 26 Rat 27 Rat 31 
infective 
feeding L. W. L. w. L. w. L. w. 
7 21.0 16.5 20.6 15.0 20.1 16.3 18.4 15.7 
8 21.0 16.5 20.0 16.2 20.6 16.2 19.9 16.4 
9 20.4 16.1 20.6 16.2 21.1 16.4 20.5 16.3 
10 21.5 16.8 21.0 16.5 21.9 17.0 22.7 17.9 
11 21.0 16.8 21.1 16.3 21.5 17.3 21.4 16.8 
12 21.0 17.1 20.4 16.5 23.1 17.1 21.7 17.2 
13 23.3 18.7 Neg. Neg. Neg. Neg. 21.9 18.0 
14 Neg. Neg. Neg. Neg. Neg. Neg. Neg. Neg. 
Mean of 
means 21.3 16.9 20.6 16.2 21.4 16.7 20.9 16.9 
In the second series of measurements, presented in part in table 3, the 
population of oocysts was mixed throughout the infection. The effort to 
select for measurement only the oocysts of E. miyairii was fairly successful, 
considering that the only criterion was the judgment of the manipulator as 
to the size and shape of the oocysts. The average size of all the oocysts 
TABLE 4. Daily mean sizes and standard deviations in microns of oocysts from pure E. miyairii infections in rats (L, length; W, width; 
S. D., standard deviation) 
Rat 145 Rat 146 Rat 147 Rat 148 
Day 
L. S.D. W. S.D. L. S.D. W. S.D. L. S.D. w. S.D. L. S.D. w. S.D. 
8 23.2 1.55 18.6 1.26 21.4 2.00 17.7 1.54 21.0 2.80 17.1 1.34 21.2 2.42 17.0 1.10 
9 23.6 2.39 18.6 1.13 22.1 3.59 17.6 1.05 22.3 1.16 18.0 1.01 23.3 1.33 18.1 .93 
10 23.8 1.25 18.3 .98 23.1 1.32 18.2 1.35 22.2 1.07 17.8 .81 22.3 1.08 17.8 1.20 
11 22.3 1.86 17.6 .92 21.9 1.14 17.6 1.03 22.0 1.50 17.5 1.26 22.5 1.02 17.8 1.01 
12 23.5 1.90 18.4 1.87 23.0 1.46 17.9 1.04 22.4 .87 17.8 1.09 22.6 1.17 18.0 1.05 
13 23.0 1.40 17.8 1.31 22.5 1.53 17.5 .99 22.8 1.44 17.7 1.03 22.4 1.3 17.5 .92 
14 23.3 1.96 18.4 1.73 23.0 1.40 18.0 1.12 
15 23.0 1.33 18.2 .91 22.5 1.20 18.1 1.04 
16 22.6 .80 18.0 .96 22.9 1.90 17.5 1.10 
17 23.6 - 17.8 -
·-
Mean of 
means 23.2 18.2 22.3 17.8 22.1 17.7 22.4 17.7 
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measured was 21.5 p. by 16.7 p., whereas the mean size of E. miyairii in pure 
infections is 22.52 p. by 17 .804 p.. Evidently a few of the larger specimens of 
E. separata were included in the measurements, but the results are highly 
gratifying in showing that under certain conditions one species in a mixed 
infection may be identified on the basis of oocyst size and, to some extent, 
shape. 
The third series of measurements, presented in part in table 4, involved 
altogether 1,485 oocysts of E. miyairii. From this study it was determined 
that these bodies range in length from 16.24 p. to 26.43 p. and in width from 
13.37 p. to 21.34 p.. The mean size, as computed from the classes and fre-
quencies shown in figure 1, is 22.525 + .027 p. by 17 .804 + .020 p., and the 
ratio of the two dimensions is 1.265. The standard deviation for length is 
1.50 p.; for width, 1.17 p.. The table shows no constant trend of the oocysts 
toward a larger or smaller size as the infection progresses. For any one 
rat the mean values for length or width during any one day fall within 
the range of the standard deviation for any other day. Also, it is to be 
noted that the daily means for length vary only from 21.0 p. to 23.8 p.; 
for width, from 17.0 p. to 18.6 p.. 
The curves constructed to represent the total number of oocysts (Fig. 
1) show a skewness to the right for both length and width. The mode of 
the former is at 22.5 p., the latter"' at 17 .5 p.. The curves for the individual 
rats (not shown here) show modes for length and width as follows: Rat 145, 
23.5 and 18.5; Rat 146, 22.5 and 17.5; Rat 147, 22.5 and 17.5; Rat 148, 21.5 
and 17.5. It is apparent that the size and shape index of the oocysts vary 
but slightly in the different hosts . 
• 
I 
4 
a 
2 
II~ 
Fig. 1. Frequency curves for length and width of E. mV]!airii (Ordinate, number 
of oocysts in hundreds; abscisea, class groupings in microns). 
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Fig. 2. a, unsporulated oocyst, E. n~iyaii·U; b, completely sporulated oocyst of same. 
Fig. 3. a, unsporulated oocyst of E. separata; b, oocyst of E . separata containing 
immature spores; c, completely sporulated oocyst of E. separata, showing characteristic 
arrangement of sporocysts. 
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Fish (1931) observed that the shape index of Eimeria tenella was not 
constant throughout the entire size range of oocysts, for the longest were 
not in all cases the widest. In order to determine whether this was a rule 
which would apply also to E. miyairii, the average ratio of length to width 
was ascertained for all oocysts measured from Rat No. 145 which lay be-
tween 18 and 20 µ,, inclusive, and between 25 and 26 µ,, inclusive. The ratio 
for the shortest 27 oocysts was 1.182; for the longest 27 oocysts, 1.419. For 
Rat No. 146, the ratio for the 52 oocysts between 16 and 20 µ, in length 
was 1.183 ; for the 58 oocysts between 24 and 26 µ, in length, 1.363. The 
shape index for the 1,485 oocysts measured from four rats, as was pre-
viously mentioned, was found to be 1.265. Thus, the shortest oocysts of 
the population tend to have a smaller shape index than the average; and 
the longest tend to have a larger shape index than the average. 
~DxDyf 
Use was made of the formula r = in order to determine 
Nu X uy 
whether there was a definite positive correlation between length and width. 
All the oocysts measured from Rats No. 145 and 146 were grouped into 
classes at intervals of one micron in the construction of a correlation table. 
'rhe r values for Rats 145 and 146 were .29 and .31, respectively. These 
values indicate a definite correlation between length and width, but ad-
mittedly are not so high as was expected. 
The measurements on E. separata, shown in part in table 5, yielded 
the following values: Largest oocyst, 17.2 µ, by 19.4 µ,; smallest oocyst, 
11.2 p. by 12.8 µ,; mean size of all oocysts ( 400 were measured), 16.06 µ, by 
13.85 µ,. The ratio of length to width was 1.16. It is evident here also that 
the oocysts exhibit no tendency toward a larger or smaller size as the in-
fection progresses. The measurements here submitted vary somewhat from 
those appearing in the original description of the species. The only con-
ceivable explanation is that by passing the organisms through a further 
TABLE 5. Daily mewn sizes, in microns, of oocysts from pure E. separata infections 
in rats 
Rat F Rat G Rat H 
Day 
L. w. L. w. L. I W. 
6 16.3 14.l 17.3 15.1 15.9 13.8 
7 15.7 13.6 16.6 14.5 16.0 13.8 
8 15.5 13.4 15.3 13.6 17.2 14.6 
9 15.l 13.0 15.8 13.6 16.8 14.0 
10 15.3 13.1 16.0 13.9 Neg. Neg. 
11 15.1 13.1 16.3 14.0 Neg. Neg. 
Mean of I I means 15.5 13.38 16.22 14.12 16.48 14.05 
L 
- 1.16 1.15 1.17 
w 
308 E. R. BECKER, PHOEBE R. HALL AND ANNA HAGER 
series of rats, and continually selecting the first to appear as infective 
material for the next passage, an early appearing strain with smaller and 
shorter oocysts was unintentionally isolated. 
THE NUMBER OF OOCYSTS PRODUCED DURING INFECTIONS WITH 
E. MIYAIRII 
There were three principal reasons for determining the number of 
oocysts produced during an infection. First, it was necessary to establish 
the normal number as a basis for future experimental attempts to influ-
ence the infection through artificial means. Second, a comparison of the 
oocysts yielded in pure infections of the two species at our command was 
highly desirable. And third, the variations in the yields of oocysts from 
different rats observed early in the course of our work prompted us to in-
vestigate the extent of this natural host variability. All the rats on this 
experiment were fed 1,500 sporulated oocysts (out of the same bottle) daily 
for five days. The first oocysts appeared on the seventh or eighth days, and 
the last on the thirteen, fourteenth or fifteenth days. All of the rats be-
came entirely immune at the end of the infection, and efforts to reinfect 
them immediately were unsuccssful. Hence, the figures in table 6 really 
represent the numbers of oocysts produced in infected rats during the 
period of acquiring total immunity. 
A statistical analysis of the oocyst yields presented in table 4 shows 
that the average yield p er rat was 5,421.3 + 321 X 104 oocysts. The yields 
ranged from 1,410 X 104 to 16,922 X 104 oocysts. The standard deviation 
for all the rats was found to be very high-3296.08 X 104 ; the coefficient of 
variation was, roundly, 60 per cent. The mean yield for the 30 males was 
6,434.4 ± 439.4 X 104 ; for the females, 3,732.83 + 284 X 104 • A comparison 
of the yields for the two sexes gives a Diff. means / P.E. diff. value of 
5.143. 
Unfortunately, the males and females were from different litters, with 
the exception of rats 135 to 144, which constituted a single litter. Within 
this one litter the average yields for the two sexes were not so strikingly 
different. Therefore, it is somewhat doubtful if the suggested difference 
in the susceptibility of the two sexes r epresents an actuality. 
An inspection of our table showing the daily yields, which is too volumi-
nous to be published here, brings out some points of further interest. Twelve 
of the 48 rats commenced to eliminate oocysts on the seventh day after the 
first infective feeding; the remainder, on the eighth day. Four ceased 
eliminating on the twelfth day, but all of these had begun on the seventh 
day. Twenty-nine ceased on the thirteenth day; thirteen, on the four-
teenth day; and two on the fifteenth day. In two cases the highest yield 
came on the eighth day; in 32, on the ninth day; in 14, on the tenth day. 
The daily mean yields and standard deviations, r espectively, for all the 
rats were as follows (expressed in terms of X 104 ) : Seventh day, 1. 73 and 
3.91; eighth day, 92.56 and 85.41; ninth day, 206.23 and 143.06; tenth day, 
146 and 105.6; eleventh day, 64.98 and 49.14; twelfth day, 21.69 and 13.65; 
thirteenth day, 4.71 and 3.55; fourteenth day, 0.644 and 1.444; fifteenth 
day (mean only), 0.06. 
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Figured on the basis of percentages, these data mean that on the 
seventh day of the infection, 0.32 per cent of the total number of oocysts 
were discharged; on the eighth day, 17 .18 per cent; ninth day, 38.28 per 
cent; tenth day, 27.11 per cent; eleventh day, 12.06 per cent; twelfth day, 
4.03 per cent; thirteenth day, 0.78 per cent; fourteenth day, 0.12 per cent; 
fifteenth day, .011 per cent. About 95 per cent of the total number of 
oocysts leave the host from the eighth to the eleventh days, inclusive. 
Since we weighed all the rats on the day of the first infective feeding, 
it was possible to make a statistical analysis of the relationship between the 
weight of the rat and intensity of the infection as measured by the total 
output of oocysts. Using the correlation formula, an r value of -0.186 was 
obtained. This means that there was practically no inverse correlation be-
tween the weight of the rats (and hence the age) and the oocyst output. 
Therefore, the variability in the intensity of susceptibility of the hosts was 
due to some factor other than the weight (or age) of the rats. 
THE NUMBER OF OOCYSTS PRODUCED DURING INFECTIONS WITH 
E. SEPARATA 
The methods in this study were the same as in that for E. miyairii. A 
much lower oocyst yield occurs in this species. The yields of oocysts from 
seven rats, which averaged around 80 grams each at the time of the first 
infection were as follows: Rat A, 2,467,603; Rat B, 1,791,922; Rat C, 
1,393,246; Rat D, 2,313,578; Rat E, 3,756,351; Rat F, 3,327,279; Rat G, 
3,264,354; Ra.t H, 1,358,800. The average yield of 245.9 X 104 oocysts pe:i: 
rat is but 4.6 per cent of that in the case of E. miyairii for which an average 
yield of 5,421.3 'X 104 oocysts per rat was demonstrated. 
A further examination of our records for the seven rats infected with 
E. separata shows the patent period was six days for six of the rats, five days 
for one, and four days for one. In all cases discharging of oocysts com-
menced on the sixth day after the first infective feeding. The average daily 
production in percentages of the total yields are as follows: Sixth day, 13.6 
per cent; seventh day, 32.3 per cent; eighth day, 24.0 per cent; ninth day, 
17.1 per cent; tenth day, 8.9 per cent; eleventh day, 4.2 per cent. 
THE EFFECT OF THE SIZE AND FREQUENCY OF THE INFECTIVE DOSE ON 
THE NUMBERS OF OOCYSTS DISCHARGED 
On September 14, rats 10 to 19, weighing from 70 to 90 grams apiece, 
were each fed between 100 and 200 sporulated oocysts from a mixed E. 
miyairii and E. separata culture. The smaller forms appeared in the feces 
on September 19 and 20, and the larger ones on the following five days. 
The total number of oocysts discharged by the individual rats ranged from 
555 X 104 to 3,488 X 104 • The average number per rat was 1,816.6 X 104 • 
Since the numbers of E. separata were almost negligible, very little error 
is involved in considering these figures as representing almost entirely 
E. miyairii. The yields are to be compared with a range of from 1,410 X 101 
to 16,922 X 10~ and an average per rat of 5,421 X 104 in the 48 rats which 
TABLE 6. Sex, weight at time of infection, and total nu'11tbers of oocysts produced in white rats infected on five successive days with ~ 
No. 
oocysts 
Rat No. Sex Weight ~ Rat No. Sex 
22 0 145 1,975 74 'i' 
26 0 148 5,986 92 0 
27 0 144 8,624 93 0 
31 0 149 4,951 94 0 
50 0 124 3,531 95 0 
51 0 127 4,172 96 0 
52 0 127 3,900 97 0 
53 0 133 9,011 111 'i' 
54 0 130 2,511 112 'i' 
55 0 115 2,697 113 'i' 
68 'i' 102 1,768 114 'i' 
69 'i' 106 2,867 115 'i' 
70 'i' 123 1,458 123 0 
71 'i' 116 2,972 124 0 
72 'i' 112 3,492 125 0 
73 'i' 120 4,202 126 0 
E . miyairii ~ 
No. 
oocysts 
Weight ~ Rat No. 
113 6,397 127 
92 11,644 128 
82 6,778 1·29 
72 6,992 130 
86 12,866 131 
88 7,944 132 
81 4,656 135 
99 4,356 136 
110 1,522 137 
101 3,225 138 
115 3,010 139 
113 1,410 140 
127 8,656 141 
102 5,911 142 
114 16,922 143 
102 10,778 144 
Sex Weight 
0 112 
0 132 
0 133 
0 127 
0 127 
0 116 
0 75 
'i' 73 
0 72 
'i' 77 
0 76 
'i' 72 
0 71 
'i' 72 
'i' 65 
'i' 70 
No. 
oocysts 
~ 
2,722 
1,994 
6,489 
4,510 
3,306 
10,311 
4,622 
3,533 
4,200 
6,100 
4,144 
5,667 
10,300 
5,911 
2,156 
7,144 
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were inoculated with 1,500 sporulated oocysts of E. miyafrii daily for five 
days. 
Furthermore, the patent period for E. miyairii in the rats infected 
once was five days; in the case of the rats infected on each of five succes-
sive days, five to eight days. The ten rats which were inoculated with the 
single small dose of occysts were capable of reinfection almost immediately, 
save Rat No. 15. This animal yielded only 555 X 104 occysts, and it could 
not be reinfected. (It was the only rat in our laboratory which had an in-
fection with the tapeworm Hymenolepis diminuta). The 48 rats inoculated 
on five successive days could not be immediately reinfected. 
This experiment shows, then, that the size and frequency of the in-
fective dose has an important influence upon the numbers of oocysts pro-
duced, the length of the patent period, and immunity. This preliminary 
work suggests that further and more exacting studies along this line would 
be desirable. 
EFFECT OF COCCIDIA ON THE HEALTH OF THE RAT 
Perard claims that Eimeria miyalirii may produce a severe diarrhea 
in youftg culture rats, leading in some cases to death within eight or ten 
days. None of our 48 experimental rats infected with 1,500 oocysts daily 
for five days showed any symptoms of disease. We kept records of the 
weights of the first 23 rats, 16 males and 7 females, throughout the course 
of the infection. In addition, we maintained 23 control rats, also 16 males 
and 7 females of as nearly as possible the same weight, rat for rat, as the 
experimental animals. At the time the experimental rats were given the 
first sporulated oocysts they showed an average weight of 114.6 gm.; the 
control rats, 110.1 gm. On the twelfth day of the infection the infected rats 
showed an average weight of 146.7 gm.; on the same day the control rats 
showed an average weight of 147.6 grams. Thus the control rats made a 
gain of 37 .5 grams per rat in 12 days. The infected rats gained 32.1 grams 
per rat in the same period. While the control rats gained 5.4 grams per 
rat more than the infected ones, this difference proves not to be statis-
tically significant. 
There is no doubt, however, that E. miyairii is pathogenic in massive 
doses to rats of all ages. Six rats of about a hundred grams were each 
fed 55,000 sporulated oocysts, and killed five days later. The lower third of 
the small intestine of three of them was markedly hemorrhagic, for the 
lumen was filled with a mixture of blood and partially digested food. The 
other three showed practically no hemorrhage, but the blood vessels in the 
wall of the small intestine, cecum, and large intestine were hyperemic. A 
large male rat of about fifteen months of age died on the fifth day after 
ingesting 100,000 oocysts of E. miyairii. The fate of some parabiotic twins 
will be mentioned subsequently. 
The conclusion, then, is that E. miyairii is not highly pathogenic in 
small doses, but in overwhelming doses ( 100,000 oocysts) it is fatal to 
some, though not all, rats. 
Our experience with E. separata is quite limited, but we have never 
been able to observe that it had any effect upon the health of a rat. Three 
100 gram rats which were fed 50,000 sporulated oocysts each showed no 
illness or loss of appetite. Further study, however, will be required befqre 
it can be stated definitely that it is altogether a non-pathogen. 
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HOST-SPECIFICITY STUDIES 
Dieben (1924) reported his unsuccessful attempts to infect mice, 
guinea pigs and rabbits with Eimeria nieschulzi ( = miyairii). Nor could 
he infect rats with coccidia from rabbits. He could, however, infect Mus 
norvegicits with the parasite from Mits rattus, and vice versa, and tame 
white and spotted rats with parasites from both. Perard ( 1927) was unable 
to make the transfer of E. schubergi from mice to rats, or of three species 
of the rabbit to rats. Kartchner and Becker ( 1929) could not infect rats 
and mice with Eimeria citelli from the ground squirrel. 
We attempted without success to transfer both Eimeria miyairii and 
E. separata to 13 coccidia-free white mice and 4 coccidia-free striped ground 
squirrels ( Oitellits fridecemlineatus). The dose for each animal was 1,500 
sporulated oocysts of each species daily for five days. The oocysts were 
being used successfully at the same time to infect rats, a test which proves 
their viability. The fecal pellets of the mice and squirrels were thoroughly 
examined for from five to fourteen days after the inoculation date, but 
were always negative for oocysts. If such close relatives of the rat can not 
be infected with the coccidia of the rat, it is extremely unlikely that these 
microorganisms can grow in any animals except their indigenous htlsts. 
IMMUNITY 
It has previously been shown that rats vary exceedingly in their sus-
ceptibility to the coccidian infections; or, conversely, in the degree of 
resistance which they offer to the multiplication of these microorganisms 
inside their bodies. That one rat would produce about twelve times as many 
oocysts as another in the process of becoming immune is a somewhat amaz-
ing revelation. It is not altogether improbable that eventually rats will be 
found with a natural immunity that is approximately complete. 
The promptness and completeness of the immunity which develops in 
coccidian infections of the rat is also impressive. Inoculations with 1,500 
sporulated oocysts of E. miyairii and E. separata daily for five days, which 
was in all cases at least a day or two longer than was necessary, are suffi-
cient to produce complete immunity after a patent period of five to eight 
days in the case of the former and of four to six days in the case of the 
latter. 
In the passing of the weeks some of the immunity is lost. Our evidence 
is based upon four rats which showed the last coccidia on September 25. 
The next day they were fed a large number of viable occysts, but they were 
still uninfected after the lapse of about two weeks. On December 12 each 
rat was fed 100,000 oocysts in a few drops of milk. On December 20, three 
of the rats commenced to discharge oocysts in moderate numbers and con-
tinued to do so for three days. In the feces of the fourth rat only one oocyst 
could be found, and that on December 21. A study of the rate of loss of 
immunity would be of extreme interest. 
Immunity to E. miyairii does not render a rat immune to E. separata, 
and vice versa. Fourteen rats immunized to the former species were fed 
1,500 oocysts of the latter for five successive days beginning the day after 
the last oocysts appeared. All of them became infected. Four rats immun-
ized to E. separata were heavily infected after a single feeding of about 
15.000 oocysts of E. miyairii given three days after the last oocysts of the 
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former species appeared. These experiments indicate that the one species 
of parasites does not completely immunize against the other, but do not 
of course, prove the absence of some degree of cross-immunity. 
Is immunity in coccidiosis humoral or localized 1 This is a question 
which has never been answered. A solution of the problem was attempted 
by the use of parabiotic twins. The authors are indebted to Dr. E. Witschi 
and Mr. Robert T. Hill of the University of Iowa for demonstrating the 
technique of suturing the rats together. Our results with the operation 
were rather unsatisfactory, owing to the difficulty of preventing the sutures 
from becoming infected. Although there were many failures, four of the 
twins came through in a more or less satisfactory condition. In all cases the 
member gf the pair on the right was a young rat which had just been com-
pletely immunized to E. miyairii, and the one on the left was a rat of 
similar age and weight which had never had coccidiosis. The case histories 
follow: 
Pair l. Suturing operation occurred on October 25. On the morning 
of November 21 the two rats together consumed 50,000 oocysts in about 
20 cc. of milk. On the evening of November 25 the rat on the left was al-
most dead. Both rats were killed, and a post-mortem examination was 
made. The viscera of the rat on the right, previously immunized, were 
normal in appearance, and no sp~rozoites could be found in the scrapings 
of the wall of the small intestine. The lower half of the small intestine of 
the rat on the right was filled with a hemorrhagic exudate which contained 
myriads of motile merozoites. 
Pair. 2. Suturing operation occurred on October 26. On November 
21 the rat on the left was fed 1,500 sporulated oocysts of E. miyairii in 
milk, and on November 22 the two rats together consumed 50,000 more 
sporulated oocysts. On the morning of November 27 the rat on the left was 
dead, while the one on the right was still alive. At the post-mortem exam-
ination the intestine of the one on the right was apparently normal and 
the scrapings contained no sporozoites. The intestine of the one on the left 
was markedly hemorrhagic, and scrapings from the wall showed numerous 
sporozoites of coccidia and young oocysts. 
Pair 3. The operation was performed on November 5. On November 
21 each rat was fed 1,500 sporulated oocysts from a pipette. The infective 
feeding was repeated on November 22 and November 23. On the afternoon 
of November 28 oocysts commenced to appear in the feces of the rat on the 
left. They were present in large numbers on November 29 and 30 and De-
cember 1 and 2. During the morning of December 2 about 0.5 cc. of a one 
per cent methylene blue solution was injected intraperitoneally into the 
rat on the right to see if it would appear in the urine of the rat on the left, 
and thus attest to the expected exchange of blood between the two rats. 
Six hours later the injected rat was found dead. ·The cecum of the rat on 
the left still contained numerous oocysts. The rat on the right was nega-
tive for oocysts throughout the infection of its twin. 
Pair 4. The operation occurred on November 6. The rats were infected 
on tlre same days and in the same manner as in the case of Pair 3. Oocysts 
were present in pellets from the left rat on November 28, 29, 30, Decem-
ber 1, 2 and 3. On December 3, the rat on the right was injected intraperi-
toneally with abont one-fourth cc. of one per cent methylene blue solution. 
The next morning both rats were dead. The cecal content of the infected 
3I4 E. R. BECKER, PHOEBE R. HALL AND ANNA HAGER 
rat contained a small number of oocysts. The rat on the right showed no 
oocysts at any time after the suturing operation. 
The fecal material for the microscopic examinations of these rats was 
obtained by expressing the pellets from the anus. 
The presence of dye in the cecal content of the rat on the left in 
Pair 4 supplied indisputable proof that there was an exchange of blood 
through the capillaries between the two members of the pair. 
It is fully realized that the experiment with the parabiotic twins leaves 
much to be desired in respect to procedure and numbers of animals em-
ployed, but on the other h_and it constitutes perhaps one of the strongest 
arguments that has yet been advanced against the humoral theory of im-
munity in coccidiosis. When and if a strain of rats which gives fairly con-
sistent yields of oocysts is obtained, a more critical enumerative study will 
be carried on with the twins. 
It is generally believed that coccidia do not multiply so well in older 
animals as in young ones. In order to test this out in a merely preliminary 
way, we procured from another department four male rats which were 
definitely known to be more than a year old. They were kept for more than 
three months in our laboratory before they were infected with coccidia. 
Thus these rats were at least fifteen months of age, and weighed between 350 
and 400 grams apiece. It should be stated that the history of the rats 
as to the possible occurrence of previous infections with coccidia was not 
known. The animals were infected with 1,500 sporulated occysts of Eimeria 
miyairii on five successive days. The total yields of oocysts from the rats 
during the subsequent patent period were, in round numbers, 13, 22, 32 
and 38 millions, respectively. The series was not extensive enough to war-
rant any sweeping conclusions for or against an age immunity, but it does 
show clearly that older animals are capable of harboring coccidial infec-
tions of considerable intensity. 
SUMMARY AND CONCLUSIONS 
Eimeria miyairii and E. separata are two distinct micro-parasites of 
the rat. Measurements of oocysts of both species on each day throughout 
a number of infections show that each species has its own characteristic 
frequency distribution for length and breadth, as well as a shape index 
that is representative of it. In either pure or mixed infections an identifi-
cation of the two forms may be made on the basis of oocyst size alone, 
although the factor of shape is a valuable adjunct in the case of mixed 
infections. Neither daily mean size nor shape index fluctuates widely 
throughout an infection, and there is certainly no tendency toward either 
larger or smaller oocysts as the infection progresses. In the case of E. 
miyairii, however, there were indications of a possible greater variability in 
oocyst size on the first day or two, as was shown by the standard devia-
tions. The mean sizes and modes of frequency curves for oocysts taken 
from different rats throughout their entire infections, while showing slight 
differences, furnish little substantiation for claims that the individual host 
has a considerable influence upon the size of these forms. The experience 
of the authors shows that, in this case at . least, great reliability can be 
placed upon the size and shape of the oocysts as a criterion of species. 
There exists a definite, but not exceedingly high, correlation for the 
length and width of the oocysts of E. miyairii. 
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Eimeria miyairii and E. separata each demonstrates its own charac-
teristic capacity to proliferate in the rat, as judged from the total oocyst 
yields throughout the entire infections. The former species shows by far 
the greater adaptability to the rat in this respect. Great as is the variabil-
ity of total yields for E. miyairii in different rats, the lowest is at least four 
times the largest yield for E. separata. 
Rats (at least in mixed strains) reveal a surprising heterogeneity in 
their suitability as hosts for coccidia. Of two rats receiving the same in-
fective dose of sporulated oocysts, one may discharge many times as many 
oocysts as another. This phenomenon probably has a genetic background 
which is, however, still undemonstrated. 
Infections in rats follow a more or less general course as regards daily 
oocyst production when produced by feeding a moderate number of sporu-
lated oocysts on a number of, say five, successive days. In the case of 
E. miyairii, oocyst production begins on the seventh or eighth day after 
the first infective feeding, becomes heaviest on the ninth day, and grad-
ually decreases in intensity until it ceases altogether after having occurred 
for from five to eight days. In the case of E. separata, the elimination of 
oocysts commences on the fifth or sixth day and continues for from three 
to five days thereafter. Upon the cessation of oocyst production the rat 
exhibits complete immunity to remfection. Some of this immunity is lost 
in the passing of the weeks. 
Some preliminary experiments with parabiotic twins have failed to 
show that a principle capable of protecting an animal to which it may be 
transferred exists :in the blood of a rat in a state of immunity to E. miyairii. 
The size and frequency of the dose, in the case of E. miyairii, has a 
definite effect upon the length of the patent period and the establishment 
of a state of complete immunity. A rat infected with a single light dose 
of sporulated oocysts (or even a moderately heavy dose as we have found 
in experiments not discussed here) does not discharge oocysts for quite so 
many days as one inoculated on successive days, and it rarely develops a 
complete immunity during such an infection. 
The weight of the rat, within certain limits at least, has been shown 
to have no influence upon the yield of oocyst8. 
E. miyairii and E. separata are incapable of completing their develop-
ment in mice or striped ground squirrels. The strong host-specificity ex-
hibited by these two species adds strength to the general hypothesis that 
coccidia of the genus Eimeria are, with a few possible exceptions among 
bird forms, strictly host specific. 
Other important differences between E. miyairii and E. separata 
(shown in table 1) are as follows : 
1. The period required for the complete sporulation of the oocyst of the 
former is sixty-five to seventy-t'Yo hours at ordinary temperatures; for 
the latter, twenty-seven to thirty-six hours. 
2. The oocysts of the former species are characteristically egg-shaped; 
those of the latter are ellipsoidal. 
3. E. miyairii carries out its endogenous cycle principally in the epithelial 
cells of the lower part of the small intestine, though it may be found 
also in the large bowel. E. separata has not been found as yet in the 
small intestine, but it has been found in the cecum. 
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4. E. miyairii is pathogenic, at least to some rats, in large doses, especially 
when the inoculation is repeated on successive days. E. separata seems 
to be altogether harmless so far as external symptoms are concerned. 
The technique of using standard doses and making daily counts of 
total number of oocysts eliminated promises to be a valuable one in the 
study of factors influencing coccidiosis in rats. 
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Much of the early work in protozoology is very confusing, partly due 
to inadequate observations and descriptions, partly to the failure of au-
thors to recognize the rules of priority, and partly to the absence of desig-
nated type species in the new genera. The identity of forms described only 
from unstained living specimens by the older workers is quite uncertain. 
For these reasons the synonymy of many species has become complex. The 
generic confusion involving Monocercomonas, Retortamonas, Schedoacer-
comonas and Eutrichomastix will be discussed in this paper, and sugges-
tions regarding their validity will be given. Some of the difficulties of 
arriving at an accurate analysis of these names may be seen by a compari-
son of the viewpoints of different authorities in the groups. 
MONOCERCOMONAS Grassi 
Type--coronellae Grassi (1879) = colubrorum Hammerschmitt (1844) = 
lacertae Blochmann ( 1884). 
Grassi (187~) created the genus Monocercomonas with the four sub-
genera Monocercomonas, Retortamonas, Schedoacercomonas and Tricho-
monas. The following new species were placed by him in the sub-genus 
Monocercomonas : 
M. hominis Grassi= Trichomonas hominis Davaine (1860) 
M. caviae Grassi= T. caviae Davaine (1875) 
M. coronellae Grassi= M. colubrorttm (Hammerschmidt) Grassi 
(1844) 
M. anatis Grassi= (pro parte) T. anatis Kotlan (1923) 
M. batrachorttm Grassi= T. batrachorum Perty (1852) 
M. muris Grassi= T. muris Grassi (1879) 
M. lacertae-viridis Grassi= Protermonas lacertae-viridis Grassi (1879) 
In 1881, Grassi removed all except M. hominis and M. coronellae from 
this sub-genus, but selected no type species. Later M. hominis was proved 
to be a Trichomonas, leaving only M. coronellae, which would then be the 
type. Grassi (1888) placed Trichomastix Blochmann in synonymy with his 
1Journal Paper No. B47 of the Iowa Agricultural Experiment Station. 
'The writer i11 greatly indebted to Dr. E. R. Becker for his assistance and criticism 
in the preparation of this paper and to Dr. C. J. Drake and Dr. H. H. Knight for their 
opinions concerning the complications of nomenclature. 
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Monocercomonas. Blochman (1884) described Trichomastix lacertae, and 
Dobell (1907) described Trichomastix serpentis from snakes. Dobell 
thought that T. serpentis, M. colubrorum and M. coronellae were the same 
species. Doflein ( 1916) regarded M. coronellae as a synonym of M. colu-
brorum and considered T. serpentis to be identical with these. Kofoid and 
Swezy ( 1915) followed Do bell, but did not mention the species described 
by Grassi. They believed that the Eutrichom:astix8 of snakes and lizards 
represented only one species. W enyon ( 1926) ignored the parasites of 
snakes described by both Grassi and Hammerschmidt. Grasse (1926), who 
has studied reptilian flagellates, points out: "L'espece type des Monocer-
comonas devrait done s'appeler Monocercomonas colubrorum (Hammer-
schmidt, 1844), le genre Eutrichomastix disparaissant de la nomen-
clature.'' He does not, however, make the indicated change. He recog-
nizes E. colubrorum Hammerschmidt, placing E. coronellae Grassi, E. 
lacertae Blochmann, E. viperae Leger, E. serpentis Dobell, E. mabuiae 
Dobell and E. saurii Fonseca in synonymy with this species. Reichenow 
(1929) follows Grasse's work on this genus. 
Stiles (1902) selected E. lacertae as the type of Eutrichomastix and 
M. coronellae as the type of Monocercomonas. These flagellates apparently 
belong to the same genus, with Monocercomonas having priority. Hence, 
Monocercomonas should replace the genus Eutrichomastix. 
This genus contain the following species, which are all new combina-
tions except for colubrorum: Monocercomonas colubrorum (Hammer-
schmidt) Grassi, M. batrachorum (Dobell), M. ruminantium (Braune), M. 
gallinarum (Martin and Robertson, M. caviae (Grassi), the doubtful va-
riety M. caviae var. rossica (Yakimoff, Wassilewsky, Korniloff and Zwiet-
koff), M. motellae (Alexeiff), M. salpae (Alexeieff), M. trichopterae (Mac-
kinnon), M. passali (Tanabe), M. aguti (Cunha and Muniz), M. termitis 
(Bernstein), M. phyllophagae (Travis and Becker), M. cuniculi (Tanabe), 
M. coprocola (Alexeieff), M. rhinocrici (Fonseca) M. cruzi (Cunha and 
Muniz), M. globosis (Cunha and Muniz) and M. gracilis (Cunha and 
Muniz). 
MONOCERCOMONOIDES n. nom. 
Type-melolonthae Grassi ( 1879). 
Grassi (1879) placed one species in his sub-genus Retortamonas, R. 
gryllotalpae. The synonymy of this species was further complicated by 
him in 1881, when he placed gryllotalpae in the genus Plagiomonas. 
In 1879 he placed the following new species in the sub-genus Schedoa-
cercomonas : 
S. gryllotalpae Grassi= Monocercomonas insectorum Grassi 
S. melolonthae Grassi (1881) 
S. caviae Grassi= nomen nudum 
S. muscae-domesticae Grassi= Herpetomonas m1tscae-domesticae Stein 
(1878) 
'This generic name was created by Kofoid and Swezy (1915) as a substitute for 
the Tricbomastix Blochman (1884) of protozoologists !rince Vollenhoven (1878) had 
already given this name to an insect. 
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Grassi ( 1879) described this sub-genus with three words, "quasi senza 
coda,'' but he gave no description of the species at this time. In 1881, he 
called S. gryllotalpae and S. melolonthae, Monocercomonas insectorum .• 
but this can not hold since he had already applied this generic name to an-
other group of flagellates. Stiles (1902) designated S. caviae as the geno-
type, but this can not be accepted since this species was undescribed. 
W enyon ( 1926) considered S. gryllotalpae and R. gryllotalpae to be syn-
onymous, with R. gryllotalpae having priority. He then wrote, '' . . . . 
Schedoacercomonas gryllotalpae and S. melolonthae, both of which appear 
to belong to the same genus, the correct name for these flagellates is Re-
tortamonas, and not Monocercomonas." Grasse ( 1926) recognized R. gryl-
lotalpae as a distinct species when he said, ''Mais dans la Courtiliere nous 
n 'avons trouve jusque-ici que deux Flagelles: Retortamonas gryllotalpae 
Grassi ( 1879) et un H examastix." Grasse designated the type species as 
S. gryllotalpae, which he has proved to be Hexamastix Alexeieff. 
Wenrich, in an unpublished paper read at the 1931 A. A. A. S. meet-
ings held in New Orleans, has definitely proved R. gryllotalpae Grassi 
(1879) to be cogeneric with the various species of Embadomonas Mackin-
non (1911), so the "Monocercomonas" of insects can not be called Retorta-
monas. Grasse (1926) removed tJie genotype of Schedoacercomonas to the 
genus Hexamastix, a move which necessitates a new name for Grassi 's S. 
melolonthae. Monocercomonoides is here proposed as a new generic name 
for these organisms with M. melolonthae as the type species. 
The genus contains the following species, which are new combinations: 
Monocercomonoides melolonthae (Grassi), M. orthopterorum (Parisi), M. 
melolonthae var. tipulae (Grasse), M. cetoniae ( J ollos) and M. hassalli 
(Cunha and Muniz) . 
HEXAMASTIX CONFUSA n. nom. 
Grassi ( 1879) divided his new genus Monocercomonas into four sub-
genera, namely: Monocercomonas, Trichomonas, Retortamonas, and Scbe-
doacercomonas. Unfortunately, he described two gryllotalpae species in 
this genus, R. gryllotalpae and S. gryllotalpae. Both were described in the 
same paper with R. gryllotalpae having line precedence. Hence the species 
S. gryllotalpae becomes a homonym and must be discarded. Grasse (1926) 
removed this species to the genus Hexamastix Alexeieff. H examastix con-
fusa is proposed as a new name for this organims. 
MONOCEROMONOIDES LIGRODIS n. sp. 
During the past two years (1930-32) the writer has been engaged in a 
study of white grubs (Phyllophaga spp.) in Iowa. A preliminary paper on 
the protozoan fauna of these insects was published by Travis and Becker 
(1931). In the summer of 1931, large numbers of Ligyrodes larvae were 
found under old rotten straw stacks and manure piles near Leon, Iowa. 
These grubs were similar to Phyllophaga larvae and are often mistaken for 
them. Several of the grubs were brought to the laboratory at Ames for an 
investigation of their intestinal inhabitants. 
Examinations of their rectal material revealed the presence of myriads 
of protozoan parasites belonging to the class Mastigophora. All individuals 
collected from decaying straw contained protozoa, whereas those from cow 
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dung were uninfected. The protista were studied both in the living state 
and in permanent slides stained with Heidenhain 's iron-hematoxylin. They 
are, apparently, harmless commensals feeding only upon bacteria. 
The body varies from round (Fig. 4) to ovoidal (Fig. 1) in shape. 
The pellicle is thin and easily distorted. The protoplasm stains slightly 
with hematoxylin. Bacteria are contained in the food vacuoles, although 
no cytostome is observable. 
Flagella vary from four (Fig. 1) to ten (Fig. 5) in number, depend-
ing upon the state of division of the animal; typically, four arise in pairs 
from individual blepharoplasts (Fig. 8). These blepharoplasts are very 
ismall and are usually grouped in pairs. They are near the anterior sides 
of the nucleus, and are often so closely pressed into the nuclear wall that 
they are indistinguishable from the chromatin material (Fig. 6). No rhizo-
plast connects the basal granules or passes from them to the nucleus as 
Grasse ( 1926) has described in this genus. 
A filamentous axostyle arises from one of the blepharoplasts, curves 
towards the periplast and terminates at the caudal end of the body (Fig. 
1). This structure is not observable in all specimens, but binucleated forms 
often possess two of them. Enlargements are frequently seen at the pos-
terior end of these filaments where they can touch the pellicle (Fig. 9). 
The nucleus is the most distinguishing character of the species. This 
spherical organelle, located at the extreme anterior end of the body, has an 
average size of 2.39 p. in uninucleated and 1.98 p. in binucleated specimens. 
Sixty per cent of the individuals are binucleated (Fig. 9), but uninucleated 
forms are considered typical (Fig. 1). The nucleus is surrounded by a thin 
but indistinct membrane beaded on the inside with chromatin granules. 
The karyosome is small and typically central in position, and surrounded 
by a narrow halo (Fig. 1). Free chromatin granules occur between this clear 
area and the peripherial layer of chromatin. Large siderophilous gran-
ules are scattered in the cyptoplasm (Fig. 6). The karyosome and nucleus 
are relatively much smaller in this species than in other representatives of 
Monocercomonoides. 
The darkly staining karyosome divides during nuclear division, and 
then becomes indistinguishable from the other chromatin granules. The 
two mitotic figures observed were in binucleated individuals (Figs. 2, 3). 
Six specimens with four nuclei (Figs. 4, 5) and one with five nuclei were 
seen. Frequently individuals contain one small and one large nucleus, and 
in such cases there are no flagella near the smaller nucleus (Fig. 6). This 
phenomenon seems to have been the r esult of unequal nuclear division. 
No cysts were present. The size of the trophozoite varies from 4.7 p.x4.75p. 
to ll.4p.x9.88p.. The average size for twenty specimens is 9.4p.x8.2p.. 
SPHAERITA sp. 
The cytoplasm of Monocercomonoides ligyrodis is so heavily infected 
with Sphaerita parasites that it is not uncommon to see three or four plas-
modia within the body of a single individual. The spores of this fungus 
are of two kinds-small and large. 
The small spores measure about 0.9 p. in diameter. They stain lightly 
with hematoxylin and are surrounded by a thin cell membrane. The plas-
modia vary from about 1.8 p. to 5.7 p. in diameter and are almost filled 
with morula-shaped masses of spores. 
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The large spores measure about 1.5µ. in diameter. They have a thick 
spore wall that stains heavily with hematoxylin. The plasmodia vary from 
about 2.3 µ. to 6.2 µ. in diameter. These large spores are scattered in the 
plasmodium and are not so numerous as the small ones. 
It is quite possible that these two types of spores are merely different 
stages of the same species, but a series of individuals demonstrating this 
can not be found in the available material. Also, the young stages which 
are so important in the determination of species were not seen. The writer 
has chosen not to give this Sphaerita a specific name until a better series of 
specimens is obtained. 
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PLATE I 
DESCRIPTION OF FIGURES 
x 3000 
Monocercomoncrides ligyrodis n. sp. 
Fig. 1. Typical trophozoite. 
Fig. 2. Mitotic figure with chromatin granules collected at ends of nuclei. 
Fig. 3. Mitotic figures with scattered chromatin granules. 
Fig. 4. Trophozoite with four well developed nuclei. 
Fig. 5. Trophozoite with four unorganized nuclei. 
Fig. 6. Trophozoite with one large and one small nucleus; cytoplasm containing small 
Sphaerita spores. 
Fig. 7. Trophozoite with large Sphaerita spores. 
Fig. 8. Binucleated individual illustrating flagella ansmg from separate granules. 
Ohromatin in the form of small granules with indistingushable karyosome. 
Fig. 9. Binucleated individual with two axostyles. Axostyles enlarged at the posterior 
end. 
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This paper is a report of studies upon (a) the nature of the coagula-
tion process in cockroach blood and (b) the preparation of cockroach blood 
smears, the cells of which are randomly distributed. In order to obtain 
satisfactory blood smears it has been found necessary to prevent the occur-
rence of coagulation. All of the observations and experiments presented 
in the following paragraphs have been made on blood from the roach 
Periplaneta orientalis (Linn.); enough additional work has been done upon 
blood from Periplaneta fuliginosa Serville to indicate that blood coagulation 
is essentially the same in both species1 • 
The investigations of Leo Loeb (16), Tait (22, 23), Tait and Gunn 
(24), Geddes (4), Hardy (9), Haliburton (8) and others have shown that 
blood cells play an important or even predominant role in the blood coagu-
lation of arthropods, especially of the crustacea and of the arachnid, Limu-
lus. The work of Loeb upon crustacean and Limulus blood coagulation is 
of special interest from the standpoint of this paper. According to Tait 
( 22), the coagulation of crustacean blood can be arranged in three roughly 
separable categories: (a) coagulation involving only the formation of a 
coagulum of blood cells; (b) coagulation involving only the formation of a 
coagulum by constituents of plasma or serum; and (c) coagulation involv-
ing both of these processes. It has been shown by Hardy ( 9), Tait ( 23, 24) 
and others that, in at least some crustacea, plasma coagulation is initiated 
in the region of and apparently by certain unstable blood cells that show 
disintegrative changes just previous to plasma coagulation. It has also 
been shown, especially by the work of Loeb, that cell coagulation and plasma 
coagulation are distinctly different processes in the same crustacean blood; 
the former involves changes in the physico-chemical properties of the blood 
cells, while the latter apparently involves fibrin formation by plasma or 
serum constituents. This work has also shown that certain factors (as, for 
example, potassium oxalate) may inhibit plasma coagulation without in-
hibiting cell coagulation. 
Similar studies on insect blood are relatively few. Many reports of 
experi.!llental investigations of insect blood either do not mention coagula-
tion or merely state incidentally that it does or does not occur. Among 
earlier workers, Geddes ( 4) . studied blood coagulation in a number of dif-
ferent invertebrates and concluded ''that the clot which appears in any 
invertebrate corpuscular fluid is formed, always partly, and sometimes 
wholly, by the fusion of the finely granular amoeboid corpuscles therein 
1Dr. H. H. Knight, of Iowa State College, has very kindly identified the two species 
of cockroach. 
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suspended.'' He considers the clot, wh.ich he calls a plasmodium, to be a 
syncytial coalescence of the blood cells and concludes further "that the 
power of coalescing with its fellows, under favorable circumstances, to form 
a plasmodium, is at any rate a very widely-spread if not a general property 
of the amoeboid cell." Poulton ( 21), on the other hand, working with 
various larval and pupal bloods, describes the ultimate coagulum as a 
solid black clot that is due to oxidation; he does not describe the respective 
roles of cells and plasma in the formation of the coagulum. Griffiths ( 6) 
confirms observations made by Poulton that insect blood clots after a vari-
able length of time, that in some ''samples'' clotting does not occur at all 
and that larval blood coagulates more rapidly than pupal blood. Absence of 
coagulation is reported by Bishop,. Briggs and Ronzoni (2) for larval honey 
bee blood and by Barratt and Arnold ( 1) for the bloods of H ydrophiliis 
piceus and Dytiscus marginalis; the latter used smears. Geyer ( 5) 
merely states that he depended upon blood coagulation to close up the 
wounds due to castration operations on various insects. Cuenot (3) finds 
fibrin in the blood of arthropods generally, but states that its occurrence 
in insects is not constant, appearing less plentifully in some species than 
in others. This author apparently considers the blood clot of most~ inverte-
brates, except in the echinoderms, to be exclusively of plasma origin. 
Landois (14) states that it is possible to recognize microscopically the fibrin 
of fresh blood as a network that contains blood corpuscles and that gradu-
ally contracts. Tait ( 23), in a consideration of amoeboid movement, states 
that cockroach blood contains non-amoeboid "hyaline thigmocytes" and 
amoeboid "granular thigmocytes." Muttkowski (19) reports the forma-
tion of both cell and plasma coagula in insect blood, the latter consisting of 
fibrin fibers. Haber ( 7) similarly reports the occurrence of cell and plasma 
(fibrin) coagula in the blood of Blatella germanica. Paillot (20), recogniz-
ing the undesirability of blood coagulation in certain types of experimental 
work, describes an adaptation of Doyon 's method to insects; he states that 
the injection of nucleic acid (extract of beef mesenteric ganglion) into an 
insect prevents coagulation of the animal':!! blood. Yeager and Tauber (25) 
found blood coagulation to be a serious interference in the making of total 
blood cell counts. 
A survey of the available literature on the subject of insect blood 
coagulation is apt to leave one somewhat confused as to details of the 
changes taking place during .the clotting process, as well as to its actual 
occurrence in various insect species. It is hoped that the following obser-
vations and experiments will serve to elucidate somewhat the details of the 
coagulation process in cockroach blood. 
The animals used were obtained from Mississippi (P. orientalis) and 
from Iowa (P. fuliginosa). Previous to being used they were kept in spe-
cially constructed wire cages under conditions of room temperature and 
humidity and were well fed. Only large nymphs and adults were used. 
METHODS 
(a) The Coagulation Process. The following simple methods were 
utilized in studying the coagulation process. The blood was always obtained 
from the severed end of an antenna, gentle pressure being applied with the 
fingers . to the animal's body when necessary. 
c 
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Fig. 1. Fresh preparations of insect blood: A. Drop of blood immersed in a drop 
of oil (Nujol) on glass slide; exposed surface of blood at a not yet covered over by oil. 
B. Wax chamber containing a layer of oil on a layer of water; the blood coagulum is 
shown hanging from the interface. 0. Mieropipette, sealed at end, containing layer of 
oil on layer of water; a and b represent successive positions of a drop of blood placed 
in the oil; c repre.sents the blood coagulum hanging from the interface. 
Fresh Preparations. When evaporation was desired, a drop of blood 
was placed on a clean glass slide and observed immediately. When evapora-
tion was not desirable ( 10), the blood was placed in a larger drop of 
Nujol on a slide, the Nujol preventing evaporation and allowing micro-
scopic observation. This is illustrated in figure 1, A; the blood is repre-
sented as having settled and partially spread upon the slide, without 
having yet become completely covered over by the oil. Observations of 
whole blood and plasma from experimental and control animals were made 
in this way. The photographs of Plate I and figures 6, 7, 8 and 9, Plate 
II, are of this type of preparation. 
Macroscopic observations of whole blood or plasma in an oil-water 
system is illustrated by figure 1, C. A drop of blood is placed in the oil at a, 
settles to the surface at b and, after a variable length of time, undergoes 
a sudden reaction (probably involving the wetting and spreading of the 
blood drop at the oil-water interface) as a result of which the plasma or 
serum is precipitated into the water phase while the blood clot remains 
spread out on or han~ing from the oil-water surface. The systems used 
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consist of Nujol-distilled water or Nujol-Hobson solution2 • By means of 
the adaptation shown in figure 1, B, microscopic observations of whole 
blood or plasma at the interface can be readily made. 
Blood smears of completely clotted, partially clotted and unclotted 
blood were studied in addition to fresh preparations; see Plate II, figures 
10, 11, 12, and Plate III. 
(b) The Preparation of Blood Smears. When fixed and stained blood 
smears are made from the blood of normal, untreated animals, they show 
many of the cells to be agglutinated (Plate III, Figs. 13, 14, 15, 16, 17.) Al-
though such smears illustrate coagulum formation and, to some extent, may 
be used to determine cell types, they are not suitable for obtaining differ-
ential cell counts. Rapid working alone does not suffice, as in the case of 
vertebrate blood, for the preparation of satisfactory smears. Loeb ( 15) 
states that in the blood of Limulus, in which only the cells and not the 
plasma contribute to the formation of a coagulum, coagulation can be 
prevented by collecting the blood in warm water. This suggestion has 
been adapted to the insect and the following procedure found to inhibit 
coagulation in the cockroach without the necessity of diluting the blood. 
The animal is immersed in water at 60° C. for ten minutes, removed and 
wiped dry. A drop of blood from the severed end of an antenna is touched 
to the surface of a clean glass slide and the smear made with the paraffin 
coated end of another slide. The cells of the resulting smear are evenly 
distributed and give little or no indication of coagulation (PL II, Fig. 11). 
The smears were dried in the air and stained with Delafield 's hematoxylin 
and eosin or with Wright's blood stain. Best differential staining was ob-
tained with Wright's stain that had been subjected to reflux distillation 
for several hours. Permanent preparations were cleared in xylol, mounted 
in balsam and covered with a cover-slip. The optimum time of staining 
with Wright's was found to be about 1.6 minutes with concentrated stain 
and about 8 minutes with the stain diluted. 
RESULTS 
(a) The Coagulation Process. Microscopic observations of a drop of 
P. orientalis blood in oil on a glass slide indicate that coagulation involves 
extensive changes in the blood cells and little visible alteration in the blood 
plasma. In general a granular precipitate, the particles of which exhibit 
Brownian movement (PL I, Fig. 5, a), eventually appears in the plasma, 
but the latter does not form a visible coagulum and apparently undergoes 
no great change in viscosity. The coagulation process begins while the 
blood is being collected. Many of the cells that escape with the plasma from 
a cut antenna appear to have flattened fusiform shapes (PL II, Fig. 9, a). 
Some of the cells can be seen stuck to the antenna, when the latter is im-
mersed in the drop of blood being collected from it, and are removed along 
with the antenna from the blood. Many of the remaining cells undergo a 
change in form by quickly losing their spindle-like shapes and rounding up 
into spheroids or ovoids (PL I, Fig. 2, a; PL II, Fig. 7). Some few cells 
seem to retain their spindle or cigar-like forms. For purposes of descrip-
• 
'See reference (11). The s-0lution consists of 0.161 M NaCl, 0.003 M KC! and 
0.002 M CaCI2• 
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tion the cells that round up may be roughly divided into two groups; it 
should be emphasized, however, that this classification is made merely for 
descriptive purposes and may or may not represent real cell types. 
(1) The cells of the first group round up and become so refractive 
that it is difficult to distinguish nucleus and cytoplasm (Pl. I, Fig. 2; PL 
III, Fig. 13, and Fig. 15, a). They develop thread pseudopodia (Pl. I, Fig. 
3, a, and Fig. 4, a) and gradually agglutinate, forming cell clumps (PL I, 
Fig. 2, b, c). Following agglutination, the clumps of cells soon become trans-
formed into granular masses (Pl. I, Fig. 3, b, and Fig. 4, b) that contain a 
number of round bodies (Pl. I, Figs. 4, c, 5, c; Pl. II, Fig. 8, a, b) ; the latter 
appear to be either cells or nuclei. At times, spherical droplets of what might 
be oily material appear in the clumps of cells; these are of varying size 
and number and are similar to the droplets shown in figures 2, 3 and 4 
(Pl. I , d); figure 8,c (Pl. II); and figure 18, c (Pl. III). From this stage 
on, but especially later, the clumps of cells are seen to be connected with 
each other by long and short thread pseudopodia (Pl. I, Fig. 3, a) and by 
broader bands of fibrous, granular material, apparently consisting of elon-
gated, disintegrated cells (Pl. II, Fig. 8, d). Such a coagulum or network 
of fibrous material can be seen both in the fresh preparation (Pl. I, Fig. 
4; Pl. II, Fig. 8) and on the stained slide; the fibrous and cellular nature 
of the coagulum is demonstrated better by Delafield 's hematoxylin and 
eosin (Pl. III, Figs. 14, 16) than by Wright's stain (Pl. III, Figs. 13, 15). 
The granular precipitate (Pl. I, Fig. 5, a; Pl. II, Fig. 8, e) appears first 
in the clumps of agglutinated cells and later in the interclump spaces. It 
is not impossible that this plasma precipitate is formed due to the libera-
tion of some material from the agglutinated cells. 
(2) The cells of the second group usually appear much less re-
fractive than those of the first group ; they possess much less conspicuous 
cell boundaries and the nuclei appear as ovoid or spheroid bodies of dis-
tinct outline surrounded by a relatively less distinct cytoplasm in which 
fairly large refractive droplets or granules are visible. These cytoplasmic 
granules show Brownian movement, indicating a fluidity of the cytoplasm. 
Eventually, many of these cells appear to become connected with other 
cells (usually those of the clumps) by means of fibers and later disintegrate, 
the nucleus becoming more indistinct and the whole cell mass taking on a 
granular, precipitated appearance. The cytoplasmic granules now show no 
Brownian movement, although granules close to but not included in the 
disintegrated cell mass exhibit active Brownian movement, indicating the 
viscosity of the cell mass to be high and that of the surrounding medium 
low. Some of these cells appear to maintain their integrity for relatively 
long times. These cells appear similar in form to certain cells (Pl. III, 
Fig. 15, b) seen in smears of coagulated or partially coagulated blood 
stained with Wright's stain. 
After eight or ten hours, the clumps of agglutinated cells appear more 
compact (PL II, Fig. 8, f) and are connected with each other by broad 
bands of cell material (PL II, Fig. 8, d) and by thread pseudopodia, while 
the interclump spaces seem larger, may still contain a few isolated cells 
and a granular precipitate (PL I, Fig. 5, a; PL II, Fig. 8, e). 
In similar fresh preparations of blood from animals heated at 60° C. 
for 10 minutes, the blood cells (PL II, Fig. 6) are not rounded up, are not 
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agglutinated and give no evidence of coagulum formation, even when agi-
tated with a needle, but seem to retain their natural forms; many of the 
cells contain refractive granules or droplets of various sizes. 
Coagulation can be partially prevented (Pl. II, Fig. 7; Pl. III, Fig. 
17) by heating the animal at relatively low temperatures for ten minutes or 
by heating them for shorter times at higher temperatures; whether or not 
the product of time and temperature is constant or variable has not been 
determined. Table 1 shows the effect of heating animals for ten minutes 
at various temperatures. 
TABLE 1. Effects upon cockroach blood coagulation of heating animals for 10 winutes 
at the given temperatures; observations made upon fresh preparations and stained smears 
Animal Tempera- Fresh preparation Slide 
No. tu re No. Smear Stain 
1 Room Coagulation 137 Coagulation Wright's 
2 " " 138 " " 
3 " 
,, 139 ,, Delafield 's 
4 30° c. " 140 " Wright's 5 " " 141 " " 6 " " 142 " Delafield 's 7 35° c. " 143 " Wright's 8 " " 144 " " 9 " " 145 " Delafield 's 12 40° c. Partial coagulation 148 Partial coagulation Wright's 
13 " " " 149 " " " 14 " Coagulation 150 Coagulation Delafield 's 15 45° c. Partial coagulation 151 Partial coagulat ion Wright's 
16 ,, ,, " 152 " 
,, ,, 
17 " " 
,, 153 " " Delafield 's 18 50° c. No coagulation 154 Slight coagulation Wright's 
19 ,, " 
,, 155 ,, " " 20 ,, " " 156 " " Delafield 's 21 55° c. ,, " 157 No coagulation Wright's 22 " 
,, ,, 158 ,, ,, " 
23 ,, " 
,, 159 Slight coagulation Delafield 's 
24 60° c. ,, ,, 160 No coagulation Wright's 
25 ,, " " 161 " 
,, 
" 26 ,, " 
,, 162 " 
,, Delafield 's 
27 65° c. No coagulation; 
plasma precipi-
tate 164 
' 
(few cells) Wright"'s 
28 " No coagulation; plasma precipi-
tate 165 
' 
(few cells) " 29 ,, No coagulation; 
plasma precipi-
tate 166 Slight coagulation Delafield 's 
30 70° c. No blood obtained - - -- ---
31 " " 
,, 
- --- ---
32 ,, " " - --- ---
The foregoing table shows that as the temperature increases there occurs 
first a partial inhibition of coagulation; the blood cells round up, become 
more refractive and agglutinate, but do not disintegrate, even upon stand-
ing for several hours (Pl. II, Fig. 7). At a higher temperature, coagulation 
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is completely inhibited and the plasma remains non-granular (Pl. II, Fig. 
6), while at a still higher temperature a granular precipitate, in active 
Brownian movement, appears in the plasma along with the uncoagulated 
cells. At a still higher temperature, the blood apparently gels in the ani-
mal's body and so can not be obtained for observation. The table also 
indicates that evidences of coagulation disappear at a somewhat lower 
temperature in the fresh preparation than in the blood smear, where 
mechanical agitation and evaporation may combine to produce this dif-
ference. 
The cellular nature of the coagulum lends itself to ready microscopic 
demonstration when a drop of blood is placed in the oil-water system illus-
trated in figure 1, C. Whole blood and :filtered blood from unheated and 
heated animals were placed in systems formed of Nujol-distilled water and 
of Nujol-Hobson solution. The observations are recorded in table 2. 
TABLE 2. Observations of whole and filtered cockroach blood from heated and un-
heated animals and placed in a Nujol-water system 
Cell coagulum 
.,,. 
At in- Hang-
Animal Condition of ter- from In Aqueous 
heated blood face inter- aqueous phase phase 
to face 
Unheated Whole blood Yes Yes Plasma ppt. Dist. II,O 
" 
Filtered blood No No 
" " " " 
" Whole blood Yes Yes No plasma ppt. Hobson 's sol. 
" 
Filtered blood No · No " " " " " 
60° c., Whole blood No No Plasma ppt., Dist. H,O 
10 min. unclotted cells 
" Filtered blood Plasma ppt. " " 
" 
Whole blood No No No plasma ppt., Hobson 's sol. 
unclotted cells 
" 
Filtered blood No No No plasma ppt., 
" " 
unclotted cells 
The results given in this table show that coagulum formation is de-
pendent upon the presence of unstable blood cells and that no visible fiber 
formation occurs in :filtered blood from either heated or unheated animals. 
The experiment does not exclude the possibility that a :fibrous plasma 
coagulum may have been removed along with the cell coagulum during 
filtration. In no case, however, has observation of a fresh preparation indi-
cated the presence of a :fibrous coagulum in the blood plasma or serum, nor 
has it shown that the granular plasma precipitate of either undiluted or 
diluted blood becomes transformed into fibers. 
Further evidence of the essential difference in the coagulation phe-
nomena of vertebrate and cockroach blood is yielded by an experiment8, 
the results of which are given in table 3. 
This experiment shows that the anticoagulant, potassium oxalate, ef-
fective in mammalian blood, is without effect when injected into the cock-
'Mr. Oscar E. Tauber very kindly aided in this and other injection experiments. 
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TABLE 3. Effect of injections Qf (a) Hobson's solution ana (b) 33 per cent K oxalate 
in Hobson's solution upon coagulation of cockroach bwoil 
Body Amt. fluid 
Ani- weight Fluid injected injected Fresh prepara- Animal four 
mal in tion* hours later 
No. grams %by cc. 
Wt. 
1 0.2026 Hobson 's sol. 1 0.0020 Blood coagulated Normal-active 
2 0.1617 " " 2 0.0032 " " " " 3 0.1700 " " 4 0.0068 " " " " 4 0.1058 " " 8 0.0084 " " " " 5 0.1259 " " 10 0.0130 " " " " 6 0.1965 " " 20 0.0393 " " " " 
7 0.1685 33% K oxalate 
in Hobson 's sol. 1 0.0017 " " On back-qui-
escent 
8 0.1373 " " 2 0.0027 " " " " 9 0.1197 " " 4 0.0048 " " " " 10 0.1911 " " 8 0.0153 " " On back-dead 
11 0.1209 
" " 
10 0.0121 " " " " 12 0.2169 " " 20 0.0434 " " " " 
*Blood examined in oil on slide approximately 30 minutes after injection. 
roach, even when the injected fluid is fatal to the animal (due probably 
to reduction in concentration of soluble calcium salts in the animal). It 
bas also been found that collection of a drop of roach blood in a larger drop 
of Robson's solution containing 33 per cent potassium oxalate does not pre-
vent coagulation. 
(b) The Cell C oagulum. Some idea of the properties of the cell 
coagulum described above can be obtained by observing microscopically and 
at the same time agitating the coagulum with the point of a needle. Under 
these conditions the coagulum appears to have the properties of sticky-
ness, elasticity and, possibly, contractility. (1) Stickyness: the cells 
of the clot stick to the slide, to the needle and especially to each other. It 
is possible to remove nearly all of the cells from the plasma (or serum) as 
a single cell mass stuck to the needle point. In uncoagulated blood from 
heated animals, the cells do not stick to slide, needle or each other under 
the same conditions. (2) Elasticity: when a portion of the coagulum is 
stuck at different points to slide and needle and is stretched to the breaking 
point, the broken portions tend to return to their initial lengths. (3) Con-
tractility: it has been noted above that upon long standing the clumps of 
agglutinated cells appear to become more compact. In the case of Limulus 
blood, such behavior has been taken by Loeb (15) as evide:q.ce of contraction 
of the fibrous bands of the coagulum, somewhat as known to occur in the 
case of the fibrin coagulum of mammalian blood. It is of interest, in this 
connection, that the following occurrence has been noted a number of times 
in early stages of cockroach blood coagulation : a single cell may be seen to 
suddenly and rapidly move, as though jerked in the direction of its move-
ment ; this type of movement would result in the case of a cell, adhering 
to the surface of the glass slide and acted upon by an elastic fiber, when 
COAGULATION OF BLOOD FROM THE COCKROACH 333 
the force of elasticity becomes greater than the force of adhesion. The be-
havior of the surrounding cells together with the peculiar movement of the 
cell observed renders the probability slight that this movement is due to 
plasma or serum currents overcoming the adhesion of the cell to the slide. 
(c) Blood Smears. Blood smears with randomly distributed cells 
have been prepared by the heating method described above. Comparison 
of smears from unheated (PL III, Fig. 13) and from heated (PL II, Fig. 
11) animals shows the superiority of the latter in cell distribution. No 
attempt has been made in the present work to identify cell types relative to 
the classifications of Hollande (12) and others, although cursory observa-
tions indicate that there are probably at least three different blood cell 
types in P.orientalis: (1) the cell shown in Plate II, figure 9, band figure 
12, a; Plate III, figure 18, a and figure 19. This cell possesses a coarsely 
granular, basophilic nucleus and a relatively large amount of cytoplasm, 
which usually appears non-granular when stained with Wright's, but 
which, especially in the case of blood showing partial or complete coagu-
lation, may contain large, eosinophilic granules (PL II, Fig. 10, a; PL III, 
Fig. 19). (2) The cell shown in Plate II, figure 12, b; Plate III, figures 15 
and 18, b. This cell often displays a more compact nucleus than the above 
mentioned type. Its nucleus, stlrlned with Wright's in partially or com-
pletely coagulated blood smears, usually exhibits a decided eosiniphilia. 
(3) A very small cell, equivalent in appearance and relative size to one of 
the daughters of the dividing cell shown in Plate III, figure 20 and Plate 
II, figure , 11, a; this cell has a markedly compact, decidedly basophilic 
nucleus, surrounded by a very thin rim of cytoplasm. It may correspond to 
Hollande's (13) proleucocyte. Besides these possible types, there are other 
cells, such as that in Plate II, figure 12, c, which appears similar to the 
first type mentioned above, but is smaller. The latter cells are all arbitrarily 
classed together with the first as a single type in the illustrative diff eren-
tial cell counts given in table 4. It should be emphasized that these 
differential cell counts are illustrative only and are based upon the tentative 
classification just given; in the last column of the table are all cells that 
can not be classed in the first three columns. 
This table shows the feasibility of making differential blood cell counts 
from smears of uncoagulated blood. It also shows the possibility of most of 
the blood cells of P. orientalis consisting of one or two types. 
DISOUSSION 
It seems evident from the above observations and experiments that, in 
P. orientalis, blood coagulation is a process involving primarily changes in 
form and physico-chemical properties of the blood cells. During coagula-
tion the latter round up, become more refractive, develop long and short 
pseudopodia, become "sticky", agglutinate and apparently disintegrate; 
under condition of mechanical agitation the cell forms become distorted 
and show a tendency toward formation of long bands of cell material. It 
is also evident, at least under the experimental conditions of the above 
observations and for periods up to several hours, that the plasma does not 
form microscopically visible fibers, that it undergoes relatively slight, if 
any, changes in viscosity when the factor of evaporation is eliminated and 
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TABLE 4. Cell c01ints made from stailned smears of 1incoagulated coclcroach blood 
Tentative cell types 
(See tentative classification given in text) 
Slide No. 
(1) (2) (3) Other cells 
102 72 2 3 23 
103 80 2 16 2 
104 88 1 5 6 
106 85 7 8 0 
107 91 1 2 6 
108 79 18 3 0 
110 96 0 4 0 
111 94 0 4 2 
112A 90 10 0 0 
112B 98 2 0 0 
1120 93 6 0 1 
112D 91 9 0 0 
112E 92 8 0 0 
112F 93 6 0 1 
160A 97 2 0 1 
160B 97 2 1 0 
1600 94 6 0 0 
160D 97 3 0 0 
Average 90 5 3 I 2 
that there may appear in the plasma or serum of the clot a granular precipi-
tate in active Brownian movement. 
This description of cockroach blood coagulation as essentially a cell 
phenomenon is in close agreement with Loeb's ( 15) description of clotting 
in Limulus blood; in both cases the fibrous clot is of cellular origin and pos-
sesses the properties of stickyness, elasticity and, probably, contractility. 
On the basis largely of these properties, Loeb likens the cell coagulum of 
Limulus blood to the fibrin coagulum of mammalian blood. The facts (a) 
that the cockroach blood clot is primarily a cell coagulum and (b) that 
several authors have reported the detection of fibrin or a fibrin-like sub-
stance in cockroach and other insect bloods (Haber, Muttkowski, Landois, 
Cuenot) are not necessarily inconsistent, provided the cell coagulum pos-
sesses fibrin-like properties or contain fibrin as a constituent. On the other 
hand, it seems not improbable that some of the reported fibrin fibers may 
be in reality fibers of cell coagulum (Landois, Haber) ; figure 9 of Mutt-
kowski 's ( 19) paper could easily be of a cellular coagulum such as ob-
served in the present work on P. orientalis blood. Landois' (14) description 
of fibrin could easily apply to a cell coagulum. .Although it is not improb-
able that the blood of many insects may form coagula of fibrin fibers of 
plasma origin, the possibility of confusing thread pseudopodia and elongated 
bands of cell material with fibrin fibers should be emphasized. 
It is of .interest that the cell coagulum can be removed from a drop of 
blood with the point of a needle; this results in a great reduction in the 
number of cells in the drop. Loss of blood cells through coagulation may 
result in a very serious discrepancy in the true and experimental values 
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of total blood cell counts and may account for the very low estimates of 
total cell content of insect blood reported in the literature generally; for 
example, Haber (7) reports approximately two to three thousand cells per 
"droplet" of blood. On the other hand, there exists also the possibility of 
a slight cell coagulum remaining undetected. Such an occurrence may well 
explain conflicting reports in the literature; the blood of Hydrophilus, for 
example, has been reported to coagulate ( 19) and not to coagulate ( 1). 
It has not been practicable in the present work to make satisfactory 
measurements of coagulation time, due to the difficulty of recognizing a 
suitable end-point; not only is the formation of the cell coagulum a gradual 
process, but it may occur somewhat irregularly over a large microscopic 
field. Comparative estimates of coagulation time in insects have been re-
ported by Poulton and Griffiths, as noted above. 
It has been shown that coagulation can be partially or completely 
inhibited by proper application of heat and that a sufficiently high tem-
p erature (70° C.) applied to the insect's body results in the appearance 
of a granular precipitate in the blood plasma. It has also been found that 
P. orientalis blood, taken from an unheated animal into a capillary glass 
tube, just shows a white precipitate at 64.5° C. The blood eventually solidi-
fies so that it can not be forced from the tube. Similar observations were 
made by Poulton (21) on the bl~od of S. ligustri enclosed in a glass tube 
and imm;ersed in a water bath; the blood became "slightly dim" at 132° F. 
(50.5° C.), "distinctly cloudy" at 141° F .(60.io C.) and "quite coagu-
lated" at 180° F. (80.3° C.). This author also reports the appearance of 
a plasma or serum precipitate upon dilution of the blood with distilled 
water or with alcohol. Barratt and Arnold (1) also noted a plasma precipi-
tate in insect blood diluted with distilled water. In the case of P. orientalis 
blood, it is of interest that a plasma precipitate first appears at about 64.5° 
whether the blood be withdrawn and heated in a glass tube or heated while 
intact inside the animal's body; this would seem to indicate that heat 
coagulation of the plasma constituents is affected only slightly, if at all, 
by the blood coagulation process. Further work is necessary in order to 
answer the question whether the precipitate resulting from dilution of 
blood with distilled water, the precipitate resulting from heating the ani-
mal's body and the precipitate that occurs during the normal coagulation 
process are identical. 
Blood smears have not been of general use in connection with insects, 
due presumably to the uneven distribution and obvious deformation of the 
blood cells; these effects are undoubtedly caused by the tendency of the 
blood to form a cell coagulum. Muttkowski ,(18) reports the use of blood 
smears ''very unsatisfactory,'' but attributes the ''clumping'' and ''undue 
distortion'' of the cells to the viscosity of insect blood. In the experiments 
reported here, blood viscosity seemed to be a slightly interfering factor, 
tending to produce uneven cell distribution, only in those cases where the 
drop of blood was permitted to remain on the cut antenna for a period of 
one minute (a longer period was not employed) before smearing; in this 
case the drop of blood seemed to dry at its surface forming a gel-like but 
apparently non-fibrous membrane. As a result of the inadequacy of insect 
blood smears, the literature contains little information as to differential 
cell counts in insects. Counts are recorded by Metalnikov and Chorine 
( 17) and other investigators of immunity in insects; usually, however, no 
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mention is made of cell distribution. Paillot 's method (see above) of pre-
venting coagulation should be useful in this respect, as well as the heat 
method described above; unfortunately, there has been no opportunity to 
apply Paillot 's method during the present work. 
This conception of cockroach blood coagulation as essentially a cell 
phenomenon is based upon observations of the animal's blood made under 
experimental conditions. The possibility that a true plasma coagulation 
may occur in the animal's body at a site of injury is not excluded, but is 
rendered less probable by the apparent lack of such plasma coagulation in 
blood observed in vitro. The above observations do not answer the ques-
tion, to what extent does the blood plasma contribute to the formation of 
the cell coagulum Y Although it is not impossible that constituents of the 
plasma may contribute toward the formation of the cell coagulum, these 
observations indicate that there is not in the blood of P. orientalis a 
definite secondary plasma coagulation such as has been described by Loeb 
as occurring in the blood of the lobster, Homarus, observed under similar 
experimental conditions. It seems probable that the following conditions 
might obtain during natural "hemotasis" of cockroach blood occurring in 
vivo: blood cells stick to the injured tissue surfaces and to each other, form-
ing a coagulum such as has been described; other cells, carried by the 
current of outflowing plasma, adhere to the mesh-work of the coagulum, 
until a layer of cells of appreciable thickness is formed over the injured 
region. The plasma flows less freely through the thickened meshwork of 
cells and so tends to dry at the exposed surface, forming a dried gelatinous 
membrane4 ; such a plasma change would probably correspond to the plasma 
"gelation" described by Muttkowski ( 19). The outflow of blood having 
stopped, new tissue may possibly be regenerated due to either (a) the cells 
of the coagulum, should the latter constitute a true "plasmodium," as con-
ceived of by Geddes, or (b) new cells arriving at and adhering to the 
coagulum. This conception, for which no originality is claimed, is sug-
gested here merely as a working hypothesis applicable to P. orientalis. 
CONCLUSIONS 
(1) Coagulation in the blood of the insect, Periplaneta orientalis 
(Linn.), consists essentially in the formation of a cellular coagulum by the 
blood cells. 
(2) During the coagulation process many of the blood cells undergo 
the following changes: they lose their original fusiform or discoid shapes, 
round up, become more refractive, form thread pseudopodia, agglutinate 
into clumps of cells, spread out and seeming disintegrate (involving an ap-
parent increase in viscosity of the protoplasmic material ) . 
( 3) The plasma (or serum) undergoes relatively little change that 
can be detected by microscopic observation ; it may contain a granular pre-
•Evaporation at the exposed surface (a) of the drop of blood illustrated in figure 
1, A, results in the formation of a gel-like membrane; the latter appears to be non-
fibrous. 
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cipitate in active Brownian movement, but exhibits no fiber formation and 
seems to undergo little or no change in viscosity. 
( 4) The coagulation of P. orientalis blood appears to be of the same 
type as that of Limulus blood, described by Loeb, and conforms to the first 
of Tait's three types of arthropod blood coagulation given above. 
(5) The coagulation of P. orientalis blood can be partially or com-
pletely inhibited by heating the animal to a sufficiently high temperature 
for a sufficient length of time; in these experiments the best results were 
obtained by heating the animal at 60° C. for ten minutes. 
( 6) Blood smears made from animals heated as described show a 
random distribution of blood cells. The cells are not distorted and appar-
ently retain forms approximating the normal. Blood smears from unheated 
animals have unevenly distributed and distorted cells. 
(7) It is possible to obtain differential cell counts from the randomly 
distributed blood smears. 
(8) The following series of changes result from increasing the body 
temperature of P. orientalis: (1) an apparent slowing down of the coagu-
lation process; (2) partial inhibi!}.on of coagulation; (3) complete inhibi-
tion of coagulation; ( 4) inhibition of coagulation and the appearance in 
the plasma of a granular precipitate; and ( 5) solidification of the blood in 
the animal's body. 
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PLATE I 
The photograph!! of this plate were taken successively of the same 'microscopic field 
in a fresh preparation of the blood of P. orientali.s in Nujol on a glass slide. 
Fig. 2. Appearance of blood cells in blood plasma immediately after the drop of 
blood was immersed in the oil. The cells have lost their spindle shapes, have rounded up 
and have become more refractive; some are developing thread pseudopodia and some 
are beginning to agglutinate. The cells are still settling down to the surface of the elide. 
Fig. 3. The same field a few minutes later. The cell changes begun in Fig. 2 are 
continuing. Many of the cells are agglutinated and are begi.nD.ing to spread upon the 
surface of the slide. Note thread pseudopodia. 
Fig. 4. The tllLille field about one hour later. The agglutinated cells appear more 
spread out and more disintegrated, the clumps of cells beginning to assume a granular 
appearance. 
Fig. 5. The same field about fourteen hours later. The clumps of cells are ren-
dered less conspicuous by the large amount of granular precipitate that has appeared 
in the plasma; the particles of the precipitate are in active Brownian mqvement. The 
cell maSBes contain structures that may be cells or nuclei. 
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PLA 'l'l~ Ir 
Fig. 6. Photograph of a fresh preparation of P. orientalis blood from an animal 
heate{l at 60° C. for ten minutes by immersion in water. The cells exhibit no signs 
of coagulation changes and seem to retain natural forms. Many contain la.re refractive 
granules, not very well shown in the figure. 
Fig. 7. Photograph of fresh preparation of P. orientalis ])lood from an animal 
heate{l at 45° C. for ten minutes. The cells have rounded up, have become more re-
fractive and have agglutinated; they do not shown signs of disintegration or give other 
evidence of coagulation. 
Fig. 8. Photograph of the edge of cellular coagulum in blood of unheated P. 
orientalis. Note the granular appearance of the coagulum (at f), the tendency of the 
cells to form broad bands of fibrous material (at d) and the granular precipitate in the 
plasma (at e); the latter is in active Brownian movement. 
Fig. 9. Photograph of fresh preparation of P. orientalis blood from an animal 
heated at 60° C. for ten minutes by immernion in water. Note the fusiform appearance 
of the cells at a suspended in the fluid plasma; upon settling to rest upon the surface 
of the slide these cells appear like the cell seen at b. 
Fig. 10. Photograph of blood cells of P. orientalis made from a partially coagu-
lated smear stained with Wright's blood stain. The cell at a is least disintegrated, 
_. while that above it is the most disintegrated of the three; note the more diffuse and 
more faintly stained app·earance of the latter. 
Fig. 11. Photograph of .P. orientalis blood smear stained with Wright's blood stain; 
the blood was taken from a,n animal heated at 60° C. for ten minutes. Note the even 
distribution of blood cells and absence of cell disintegration. Note the dividing cell 
at a. Several circular spots in the plasma are due to fatty droplets in the blood. 
Fig. 12. Photograph from smear like that shown in Fig. 11. Cells a and c appear 
similar except for size; they have .basophilic nuclei and faintly staining, usually non-
granular cytoplasms; the latter often contain small vacuoles that may represent fatty 
droplets. Cell b appears the same as cell b in },ig. 15, Pl. III. 
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PLATE III 
Fig. 13. Photograph of portion of a blood smear of P. orientalis blood taken from 
unheated animal and stained with Wright's blood stain. Coagulation is made evident 
by clumping, rounding up and intense basophilic staining of many blood cells. Note 
many eosinophilic cells, as cell a (the same cell as b in Fig. 15). 
Fig. 14. Photograph from smear of unheated P. 01·ientalis blood stained with Dela-
field 's hematoxylin and eosin; note the fibrous and cellular natu)·e of the coagulum. 
Fig. 15. Photograph of portion of field shown in Fig. 13 (cell a). Note agglutinated 
cells at a and the cells at b showing an eosinophilic nucleus. 
Fig. 16. Photograph from smear of unheated P. orientalis blood stained with Dela-
field 's hematoxylin and eosin; note the fibrous and cellular nature -0f the coagulum. 
Fig. 17. Photograph of partially coagulated blood smear of P. orientalis blood. 
Note less intense coagulation changes as compared with the smear shown in Fig. 13. 
Fig. 18. Photograph from smear of P. orient9-lis blood from animal heated at 
60° C. for ten minutes; note different apparent cell types. Cell a similar to cells a 
and c of Fig. 12. Cell b appears similar to b in Fig. 12 and to b in Fig. 15. 
Fig. 19. Photographs of cells in partially coagulated blood smear (P. orientalis) 
stained with Wright's blood stain. Note the eosinophilic granules in the peripheral 
cytoplasm. The cells appear similar to cell a in Fig. 18 and cell a in Fig. 10 
Fig. 20. Photograph of dividing cell in the smear shown as Fig. 11. The divi-
sion ~eems to be mitotic. 
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Ferr-0silicon, 468 
First supplementary list of parasitic fungi 
from Iowa, 357 
Floral structures in genus Capsicum, 277 
Fluorine method, in preparation of per 
acids and their salts, 421, 422 
Fungi, parasitic from Iowa, 357 
Furan compounds, 11 
Furan derivatives, physical properties of, 
137 
lachrymatory, 140- 141 
sternutatory, 140, 141 
vesicant, 140, 141 
Furan series, dyes -0f, 443 
insecticides of, 441 
lachrymators of, 441 
Furan types, conjugated systems in, 381 
Furfural diacetate, 441 
Furfural and some of its derivatives, 439 
Furfural and p-thiocresylmagnesium iodide, 
386 
Furfural and benzoyl furan with p-toluene-
sulfinic acid, 386 
Furfural and p-thiocresol, 386 
Furfural derivatives, 137 
Furfural, hydrogenation of, 133 
separation -0f produces, 133 
Furylacrylic acid and p-thiocresol, 388 
Furylacrylic acid and p-toluenesulfinic 
acid, 388 
Furfuryl alcohol, identification of, 133 
Furfuryl chloride, 12, 390 
Furyl-alkyl groups, introduction of, 11 
Furylacrylic esters, 137 
Galvanized sheet iron, corrosion of, 414 
Gas, production of 
hydrogen, 2 
ethylene, 2, 3 
methyl alcohol, 3 
methane, 3 
Gasoline, 5 
Glomerularia, host for parasitic fungi, 357 
Glucose and sucrose, sterilization -0f solu-
tions of, 417 
Glucosazone, 34 
Glucose derivatives, 33, 43 
mono- and di-alkylated, 33 
tri-, tetra., and penta-alkylated, 43 
Glucose, 
pentamethyl, 58 
trimethyl, 43, 44 
Glucoses, tetra-alkylated, 52 
Graphitization of white cast iron, 435 
Grignard reagents from halogenated ter-
tiary amines, 427 
Guanidine 1derivat'iv'es, physiol~"ical ac-
tion of cystinyl peptid'es and, 4'31 
Halides, 12 
organomagnesium, 15 
tetrahydrofurfuryl, 14 
Halogenated tertiary amines, Grignard re-
agents from, 427 
Hemoglobin, 229 
Hemoglobin determinations, 238 
Heterocycles, in furan types, 381 
Hexamastix confusa n. nom., 319 
Host parasite studies on Eimeria, 299 
Hosts, differential, for cucumber virus, 108 
Hosts for parasitic fungi in Iowa 361 
Host-specificity studies, 312 ' 
Hybridization experiments with cucumbers 
111 ' 
Hydrocarbons, combustion of, 1 
482 INDEX 
Hydrocarbon flame, 7 
Hydrogenation of furfural, 133, 136 
Hydrogen, 
flame in electrostatic field, 7 
gas, production of, 2 
molecule, 7 
Hydrogen peroxide method in preparation 
of per acids and their soils, 420 
Hydrogen sulphide, 7 
Infections of Eimeria miyairii, number of 
oocysts produced, 308 
Immunity of coccidian infections, 312 
Insecticides of furan series, 441 
Insulation board, design of plant for pro-
duction of, 429 
Integration, method of, 261 
Introduction of furyl-alkyl groups by 
means of sulfonic eSJters, 11 
Iron-copper system, 413 
Isosaccharosan, formation of, 374 
Lachry'mators of furan series, 441 
Lactation in albino rat, dietary factors af-
fecting, 463 
Lactobacilli, study of, 447 
Lactobacillus acidophilus, 450 
L aotobacillus bulgaricus, 447 
L. casei, 44 7 
Leucocytes, 229, 233 
classification of, 236 
Levulose, fermentation of, 457 
Ligrodes larvae, 319 
Lower chlorides of silicon, preparation of, 
467 
Literature of alkylated carbohydrates, 33, 
43 
Lumber, synthetic, 469 
Lycium barbarum, nectary in, 279 
Malleabilization of white cast iron, effects 
of molybdenum and chromium on, 435 
Mercaptans, 137 
Methane, 3 
Methyl alcohol, 3 
Methyl ether, 5-nitro-2.furfuryl, 389 
5-Methyl-2-furfuryl chloride, 389 
2-Methyl glucose, 33 
Methyl saccharic acid, 34 
Metallic sulfides, spectra of, 478 
Micro-organisms, dilution method of esti-
mating denstiy of population of, 251 
Molybdenum, 435, 437 
l\fono-alkylated glucooo derivatives, 33 
Mono-alkyl glucoses, 33, 34, 35, 36, 37 
Monocercomonas Grassi, 317 
Monocercomonoides ligrodis n. sp., 319 
Monocercomonoides n. nom., 318 
Mono-furfuryl phthalate, 134 
Mosaic, reactions of cucumbers to, 95, 102 
in backcrosses of cucumbers, 113 
source of virus of, 99 
Myzus persicae, 104 
Nectar, chemical study of, 278 
secretion of, 277 
Nectaries of Capsicum, 277 
New and rare North American Collembola, 
263 
Nicotine, relative toxicity of, 287, 291, 296 
5-Nitro.2-furfuryl acetate, 392 
5-Nitrofurfuryl alcohol, oxidation of, 393 
5-Nitro-2-furfuryl chloride and 5-nitro-2-
furfuryl methyl ether, 389, 391, 392 
5-Nitrofurfuryl chloride and sodium 
methylate, 393 
Nitrogen, sulfur and, of wool, 395 
Non-protein nitrogen, 147 
Normal and cholera-infected blood, com-
parison of, 202 
Normal swine, blood of, 143, 227 
Normal swine, blood of, 173 
total non-protein nitrogen in, 176 
Norway rat, new species of Coccidium 
from, 131 
Nuclear nitro groups, 389 
Observations onBacillus caliilolactis, 89 
On the coagulation of blood from the cock_ 
roach Periplaneta orientalis (Linn.). 
with special reference to blood &mears, 
325 
Oocysts, counting of, 301 
measurements of, 301, 302 
Organisms in butter cultures, 409 
Organometallic compounds, abnormal r eac-
tions of, 425 
Oryzaephilus surinamensis (L.), 296 
Osazone, 34 
Oxonium compound, 388 
Oxidation, sulfur, 65 
Parasitic fungi from Iowa, supplementary 
liSJt of, 357 
Pentamethyl glucose, 58 
Per acids and their salts, preparation of, 
419 
Periplaneta orientalis (Linn.), 
coagulation of blood from, 325 
Phlyctaena, host for parasitic fungi, 357 
Phosphorus, compounds in blood, 154 
Physalis aUcekenzi L., 101, 278 
Physiological action of cystinyl peptides 
and guanidine derivatives, 431 
Physiological properties of oome furan de-
rivatives, 137 
Plodia interpimctella, 296 
Preliminary experiments witli aphids as 
vectors of yellow dwarf, 347 
Preparation of per acids and their salts 
419 ' 
Preparation of secondary and tertiary 
fury! carbinols, 443 
Preparation of the lower chlorides of sili-
con, 467 
Probable error in estimating number of 
micro-organisms in unit volume, 252 262 
Production of insulation board, plant' for 
429 ' 
INDEX 483 
Production of yeast growth stimulants by 
molds on various media, 4 71 
Product of factors of type, 253 
Propane, 1, 5 
Propionic acid bacteria, classification and 
nomenclature, 17 
Propionibacterium, Orla-J ensen, 1909, gen-
eric diagnosis, 22 
Propionibacterium Freudenreichii van Niel, 
18 
description of, 23 
P. J ensenii van Niel, 18, 24 
P. pentosaceum van Niel, 18, 24 
P. Peterssonii van Niel, 18 
description of, 23 
P. raffimosaceum, 20 
sp. nov., description of, 30 
P. rubrum, van Niel, 18 
description of, 29 
P. Shermanii van Niel 18 
description of, 25 
P. technicum van Niel, 18 
description of, 28 
P. Thonii van Niel, 18 
description of, 27 
Propionibacterium, species names of, 18 
genus, 21 
key to, 20 
Protozoa, method of estimating number in 
unit volume, 251 
PseudosimeUa folsomi Denis, 272 
P. pettersoni Borner, 272 
P . rolfsi n. sp., 263, 272 
P. violenta Folsom, 272 
Pyridine and nicotine, relative toxicity of, 
287' 291, 296 
Pyridine and nicotine, vapor concentration 
of, 290 
Pyrrole, preparation of, from ammonium 
xylonate, 423 
Quantitative, biometric and host-parasite 
studies on Eimeria miyairii and E. sep-
arata in rats, 299 
Rat, albino, lactation in, 463 
Rat, as hos t for species of coccidia, 299 
Rat, effect of coccidia on, 311 
Reactions, abnormal, of organometallic 
compounds, 425 
Reaction of cucumbers to types of mosaic, 
95 
Relationships among the organisms in but-
t er cultures, 409 
Relative toxocity of pyridine and nicotine 
in the gaseous condition to Triboliium 
confusum Duval, 287 
Rhinotrichum, host for parasitic fungi, 357 
Rhynochosporum, host for parasitic fungi, 
357 
Rock phosphate, solubility of, 473 
Rumex crispus L., 104 
Salima •banksi MacGillivray, 276 
S. ilecorata n. sp., 263, 273, 276 
S. trilobata Schott, 276 
Secreting mechanism in genus Capsicum, 
279, 280 
Silicon, lower chlorides of, 467 
Sodium peroxide method, preparation of 
per acids and their salts, 421 
Solanum dulcamara, 278 
Some dietary factors affecting lactation in 
the albino rat, 463 
Some of the relationships among the or-
ganisms in butter cultures, 409 
Sphaerita sp., 320 
SolamAim melongena L., 101 
Solubility of rock phosphate as influenced 
by sulfur and gypsum, 473 
Staliziling effect of nuclear nitro groups iu 
fuian types, 389 
Standard deviations, 259, 261 
Steenbock growth ration, 300 
Streptococcus citrovorus, 455 
S. lactis, 409 
S. paracitrovorus, 455 
Stimulants for yeast growth, by molds, 471 
Studies on sulfur oxidation, 65 
Sterilization of solutions of glucose and 
sucrose, 417 
Study of oome of the Lactobacilli, 447 
Studies in vitamin A technic, 451 
Studies on sterilization of solutions of 
glucose and sucrose, 417 
Study of utilization of xylose, 423 
Study of caramel color, 467 
Study of corrosion of galvanized sheet 
iron, 414 
Suaeila moquimi Greene, 104 
Sucrose, 370 
Sucrose, and glucose, sterilization of solu-
tions of, 417 
Sulfonic esters, 11 
Sulfur and nitrogen of wool, 395 
Sulfur oxidation, 65 
in relation to bacterial activity, 66 
soil activity, 67 
studies on plot soils, 68 
laboratory studies on, 77 
Sulfur oxidizing efficiency of soils, 83 
Swine blood, cholera infected, 239, 241 
Swine, blood of normal, 173 
blood of cholera-infected, 175 
creatine plus creatinine, 186 
calcium in, 191 
inorganic phosphorus in, 189 
non.protein nitrogen in, 176 
preformed creatinine in, 183 
sugar in, 187 
urea nitrogen in, 178 
uric acid in, 181 
Swine blood, normal, 238, 239 
Synthetic lumber, development of, from 
cornstalks, 469 
484 INDEX 
Tetra-alkylat.ed glucoses, 52 
Tetrahydro-furyl-alkyl groups, 11, 12 
Tetrahydrofurfuryl halides, preparation 
of, 14 
Tetrahydrofurfuryl-phenyl-methane, 12 
Tetrahydrofurfuryl iodide, 14, 15 
Tetrahydrofurfuryl p-toluenesulfonate, 13, 
15 
Theses, abstracts of doctoral, 407 
p-Toluenesulfonic acid, 11 
chloride, 13, 15 
Transverse electrostatic field, action of, 1 
Tri-alkylated glucoses, 43 
Tribolium confusum Duval, relative tox-
icity of pyridine and nicotine in gaseous 
condition to, 287, 291 
Trimethyl glucose, 43, 45, 46 
Tullbergia iowensis n. sp., 263, 264 
Turpentine, 7 
Tyroglyphus longior, 296 
Urea, in blood, 147 
Uric acid, 149 
Utilization of xylose, 423 
Vectors of yellow dwarf, 347 
Vitamin A depletion period, 452, 454 
Vitamin A free basal diet, 451 
Vitamin A technic1 451 
Vitamin A test animals, 9tandardization 
of, 454 
Virus, cucumber, 96, 105, 107 
mosaic, 96 
''white pickle, 11 96 
Volatile acids formed by Streptococcus sp., 
455 
Volatile acids formed from citric and lac-
tic acids by Streptococcus citrovorus and 
S. paracitrovorus, 455 
Wool, analysis of, 400, 401 
Wool, sulfur and nitrogen of, 395 
White cast iron, 435 
''White pickle mosaic,'' resistance of vari-
eties of cucumber plants to, 971 98 
inoculation trials, 97 
response of plants to, 103 
Willemia denisi n. sp., 2631 264 
X-ray investigation of the iron_copper sys-
tem, 413 
Xylose, fermentation of, 423 
oxidation of, to xylonic acid, 423 
study of utilization of, 423 
Yeast growth stimulants, on media, 471 
Yellow dwarf, aphids as vectors of, 347 
